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hicrobial invasion, tissue injury, immunologic reactions, 
and inflammatory processes induce a constellation of host 
responses collectively referred to as the acute phase response. 
The response is characterized by changes in metabolic, 
endocrinologic, neurologic, and immunologic functions. The 
purpose of this nonspecific acute phase response appears to be 
early protection and preparation for a prolonged defense. There 
IS evidence that pre-exposure to some inflammatory cytokines, 
such as lL-1, protects by non-specific mechanisms against 
subsequent bacterial challenge. Mostly, investigations have 
involved bacterial or viral infections and there is little data 
describing parasitic diseases. It was therefore considered of 
interest to study the effect of parasi11^ _infec tions on hepatic 
acute phase response during exper iroj^t^I' ma 1 ar i^ ^ ^^ j^ Svf 11 ar lasis . 
Experimental Malaria 
Malaria continues to be one of f^tefeji^Iiifc.--' fc^'l 1 er diseases 
inflicting human race in tropical countries. Malarial infection 
induced toxicity is associated with a number of structural and 
functional alterations in different organs of the host, viz., 
liver, spleen and kidney. Hepatotoxicity has very widely been 
studied, since liver is the primary organ of homeostases in 
mammals. Several attempts have been made at structural and 
biochemical levels to understand the mechanism of hepatotoxicity 
in malaria infected hosts. However, its complications remain a 
prominent cause of morbidity and mortality in the developing 
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In the present study, experimental erythrocytic P_j_ berqhei 
malaria was induced in normal t^_^ nata lensis by intraperitoneal 
inoculation of 10 parasitized erythrocytes in a single injection. 
A parallel batch of healthy animals was used as control. Percent 
parasitaemia was evaluated by staining a thin smear of Jnfected 
blood with Giemsa stain. 
Animals with three different levels of parasitaemia, viz., 
10-157., 30-35"/. and 55-60'/. were sacrificed under light 
anaesthesia. A portion of liver was homogenized in cold for 
biochemical estimations of lipid, protein, carbohydrate and 
transaminases. Serum was collected for monitoring transaminases. 
The gross changes observed in P_^  berqhei infected ri_^  nata lensis 
include ; enlargement of liver (hepatomegaly) and change of 
colour from chocolate to dark brown or, even black at the peak 
parasitaemia (55-60"/.). A significant increase in wet liver 
weight (P < 0.001) and continuous decrease in body weight of M. 
nata lensis during P_^  berqhei infection was observed. 
Biochemical studies aj2 vivo revealed that during P_^  berqhei 
erythrocytic parasitaemia, the total protein content of liver 
decreased significantly by (13"/.), (26"/.) and (40'/.) ; total 
carbohydrate by (16"/.), (A?"/,) and (77"/,) ; total glucose by (47"/.), 
(76"/.) and (81"/,) ; total glycogen by (517.), (80"/.) and (88"/.) ; GOT 
by (25"/.), (36"/) and (45"/.) ; GPT by (8"/), (13"/.) and (18"/,) ; 
cholesterol by (6"/.), (11"/.) and (21"/,) at 10-15"/,, 30-35"/, and 55-607. 
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parasitaemia, respectively. 
Total lipid and lipid peroxide content of liver during P. 
berqhei erythocytic parasitaemia increased significontly. The 
total lipid content increased by (157.), (40"/.) and (82'/.) while 
lipid peroxide levels increased by (1187.), (2507.) and (3347.) at 
10-157., 30-357. and 55-607. parasi taemia, respectively. 
P. berqhei erythrocytic parasitaemia also led to increased 
in levels of serum transaminases : SGPT increased by (627.). (867.) 
and (1887.) while SGOT increased by (217.), (667.) and (867.) at 10-
157., 30-357. and 55-607. parasitaemia, respectively. 
The findings presented above showing loss of body weight, 
increased protein catabolism, g1ycogeno1ysis, hepatomegaly and 
fatty infiltration in the infected liver at higher parasitaemia 
suggest that P. berqhei infection, may lead to acute phase 
response. Sera from P. berqhei infected mastomys, when analysed 
by crossed Immunoelectrophoresis, showed presence of two major 
acute phase proteins viz., alpha-2 macrog1obu1 in and alpha-1 acid 
glycoprotein. Since liver is the major organ for the synthesis 
of plasma proteins, synthesis of positive and negative acute 
phase protein markers by hepatocytes was monitored at > 407. 
erythrocytic parasitaemia. While synthesis of alpha-2 
macrog1obu1 in and alpha-1 acid glycoprotein increased, that of 
albumin was suppressed during P_^ berqhei erythrocytic 
parasitaemia. These findings support the view that during P. 
berqhei infection, an acute phase protein response is generated 
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where synthesis of some proteins, termed positive acute phase 
proteins increases, whereas levels of the negative markers e.g., 
albumin and cytochrome P-450 decline. 
Experimental Filariasis 
More than 300 million people are affected with filariasis 
worldwide. The chronicity of filariasis influences a broad range 
of host s immune responses. Acanthochaelonema viteae infection in 
mastomys is an example of murine asymptomatic filariasis with 
distinct prepatent, patent and latent stages. A_^  vi teae 
infection in mastomys was used to evaluate acute phase reaction 
during prepatent, patent (with circulatory microfilariae) and 
latent ( amicrof 11 anaemic ) stages. Acute phase proteins started 
to appear during prepatent stage, while patent stage infection 
showed peak levels of acute phase reactants. During latent 
stage, the level of acute phase reactants declined. These 
results were further coniirmed by following the synthesis of 
acute phase proteins iji vi tro during patent stage of A_j_ vi teae 
infection. The results demonstrated induction of two major acute 
phase proteins viz., alpha-2 macrog1obu1 in and alpha-i acid 
glycoprotein, and decreased level of albumin. When some liver 
specific enzymes viz., cytochrome P-450, ary1 hydrocarbon 
hydroxylase (AHH) and glutathione-s-transferase (GST) were 
assayed during different stages of A_^  vi teae infection, 
cytochrome P-450 levels were observed to decrease by (18"/.), (227.) 
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of infection, while AHH and GST levels did not increase 
significantly. Thus, it may be concluded that during A_^  vi teae 
infection, an acute phase response is generated where peak levels 
of acute phase proteins could be detected during patent stage, 
while cytochrome P-450 could be negative acute phase marker. 
In vitro model to monitor acute phase response 
In the present study efforts were made to design a suitable 
model for studying the differentiated functions of hepatocytes in 
VItro and to use this model to study the effect of conditioned 
medium (from the splenocytes isolated from Q_i_ vi teae and P. 
berqhei infected mastomys) on the synthesis of acute phase 
proteins by hepatocytes iri vitro. Mastomys hepatocytes were 
isolated by i£i_ si tu perfusion technique described by Seglen and 
cultured in synthetic medium and DMSO. Maintenance of 
hepatocytes in primary culture was performed according to Enat, 
et.al. Extra cellular matrices viz., collagen, poly-1-1ysine and 
fibronectin were used as culture substrates to improve the 
attachment and survival of the cultured hepatocytes. 
Hepatocytes, cultured during the present study, retained 
their differentiated characteristics for atleast one week. It 
was observed that after 7 days culture in synthetic medium plus 
DMSO and Se, substantial number of hepatocytes remained viable 
and consumed measurable oxygen. The cel^s were found to 
synthesize and secrete albumin at a rate comparable to freshly 
isolated hepatocytes. Similarly, use of defined medium helped in 
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maintaining cytochrome P-450 activity for atleast one week. Once 
these differentiated functions of hepatocytes were maintained, 
the studies were extended to follow the synthesis of acute phase 
proteins i_n_ vi tro under different experimental conditions. 
Culture supernatants from splenocytes (prepared during patent 
stage of A_^  vi teae infection and at > 40"/. P_^ berqhei erythrocytic 
parasitaemia when added to hepatocyte monolayers, led to 
increased synthesis of aIpha-2 macrog1obu1 in and alpha-1 acid 
glycoprotein and depressed the synthesis of albumin. Thus in 
light of the above findings, it may be concluded that an acute 
phase response is indeed generated during P_^  berqhei and A. 
vi teae infections in mastomys. 
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« PREFACE * 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
A rnmpi'^ ra<^ r.TrU- nf p/pnt="-, i-nown a.'=i thp acute phase response is 
inunpciialf ly jnitiatncj hy madimals on infection or injury. There 
arp local and systemic components to this response, both of which 
causp physio 1nqica1 chanqps that range from coagulation & cell 
migration to fpvpr <^  increased hormone secretion. While some 
infoimatinn regarding acute phase response during bacterial & 
v:ral ififpctinns has hppn reported by earlier workers, Pnowledge 
relatnd to induction of acute phase response due to parasitic 
1nfPC I 1 on IS fragmentary. Fyppriments presented m this 
di^'cfl.itinn cjcrp aimed at studying the effect of e y p e n m e n t a 1 
malai la ft filar lal infections on the hepatic acute phase 
if<--|uin'(' of tlip liu''-t . Our 1 nq t lip coLjrse of Lhis investigation 
m v o K i n q P_LfT>""^(TiQcli-uj" ber qhei (experimental malaria) or 
n_c an J. hoc haj'JoQejTia v 11 e a e ( e---per imen ta 1 filariasis) infections of 
Mastomy s natalensis, unequivocal evidence suggestive of acute 
phase resporise in the host during parasitic infections was 
demonstra ted. 
Experimental malaria: 
Metabolic changes in the host suggestive of 
induction of acute p)hase response with increase in P_^  berqhei 
er y t tir ocy t ic parasitaemia of mastomys were demonstrated as under: 
1. Irurf^a^c^ in vjpt weight of liver (hepatomegaly) & concomitant 
Irjrt- of body i-J=^ ]r^ ht, 
'^. brani-iiir fal] in li wpr glycogen «< total carbohydrate content. 
A 'Significant m r r o a s e m hapatic lipid content & fall in 
11 
cholesterol. 
•1 . Iiicr( = a^ .e in Ijver lipid peroxide levels, & fall in hepatic 
GOT, GPT R^ total protein content indicating hepatocyte plasma 
membrane damage. 
5. Induction of acute phase proteins (alpha-2 macroglobulin & 
alpha-1 acid glycoprotein) which was clearly demonstrated at >40X 
parasitaemia & suppression of synthesis of a 1bumin,known to be a 
negative acute phase marker. 
6. The acute phase response is cytokine mediated for, splenocyte 
prnduct(^>) from the infected animals induced acute phase 
protein'-, . 
Experimental filariasis : 
Like human filarial infection, A_^ vi taea 
infection in mastomys manifests prepatent, patent & latent stages 
of infection. Active microfi1araemia is characteristic of patent 
stage of the infection. Like experimental malaria, experimental 
filariasis was also observed to evoke acute phase response in 
the host. Some of the important observations are : 
1 . And)lysi5 of the sera from thie infected animals by crossed 
immunoe1ectrophoresis revealed peak levels of the acute phase 
(Ti-oteni'-, (alph-? mac rog ] ohu 1 m & alplia-l acid glycoprotein) 
during patent stage of infection. 
2. Pi5n in acute phase proteins vMas observed to coincide with 
f<3ll in hepatic cytochrome P-450, a negative acute phase 
m a r k r? r . 
Ill 
3. Incrpa<^e in acute phase protein levels was observed to be 
associalf?d with increased synthesis of these proteins by 
hepa tocy tes. 
4. Filarial infection stimulated acute phase protein induction 
was observed to be cytokine mediated. 
From the foregoing, it appears that cytokine 
mediated response is also generated during P_^  berqhei & A_^  vi taea 
infections. Further studies on the physiological role of acute 
phase response in pathology of parasitic diseases may help in 
identifying link between cytokines S( morbidity. Such studies will 
nl^ d^ hopf^fully help in identifying factors responsible for 
susceptibility to or resistance against parasitic infections or 
carrier stat. es. 
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ABBREVIATIONS & SYMBOLS 
A 
Ab 
ACiO 
BSA 
CPU 
abcAI^P 
DEAE 
DMSO 
DNA 
EDTA 
EGT 
FBS 
FCA 
HEPES 
mu 
mM 
nm 
NMS 
PAGE 
PBS 
RER 
RES 
SER 
SDS 
SGOT 
SGPT 
Adu] t 
An t i body 
Acetone 
Bovine serum albumin 
Counts per minutes 
N , 0 - dibutyryl adenosine 5', 5' cyclic monophosphate 
Diethyl aminoethyl 
Dimethyl sulfoxide 
Deoxyribonucleic acid 
Ethylene diamine tetraacetic acid 
Epidermal growth factor 
Foetal bovine serum 
Freund's Complete adjuvant 
N-2~hydroxyethy1-piperazine-N'-2-ethane sulfonic acid 
Mil 1im icron 
Mil 1imolar 
Nanometer 
Mormal mastomys serum 
Po1yocry1 amide gel electrophoresis 
Phosphate buffered saline 
Rough endoplasmic reticulum 
Reticuloendothelial system 
Smooth endoplasmic reticulum 
Sodium dodecyl sulfate 
Serum glutamate oxaloacetic transaminase 
Serum glutamate pyruvic transminase 
TCA : Trichloroacetic acid 
TP : Total protein 
TRIS : Tr15-hydroxymethy1 aminomethane 
ttt***1f*t ******* 
* INTRODUCTION * 
* * * * * * * * * * * * * * * * 
THE r*CUTE PHASE RESPONSE : 
A large number of homeostatic mechanisms which ars operative 
in vertebrates under normal circumstances are altered 
substantially following tissue injury or infection (Kushner, 
1982; Heinrich et.al., 1990). These alterations, which in the 
broadest sense constitute the acute phase response, are most 
commonly observed in man following a number of inflammatory 
stimuli, including bacterial infection, surgical or other trauma, 
bone fracture, burn injury, tissue infarction, a number of 
immunologically mediated or crysta1-induced inflammatory states, 
neoplasm, and even severe exertion. 
As schematically shown in fig. 1, it consists of a local 
reaction at the site of injury characterized by a number of 
responses such as aggregation oi platelets and clot formation, 
dilatation and leakage of blood vessels, and an accumulation and 
activation of granulocytes and mononuclear cells, which in turn 
release acute phase cytokines. In addition, activated 
fibroblasts and endothelial cells are able to produce cytokines. 
These mediators act on specific receptors on different target 
cells leading to a systemic reac tion characterized by fever, 
leukocytosis, increase m erythrocyte sedimentation rate, 
increases in secretion of ACTH and glucocorticoids, octivation of 
complement and clotting cascades, decreases in serum levels of 
iron and zinc, a negative nitrogen balance and by dramatic 
changes in the concentration of a number of hepatocyte-derived 
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proteins alongwith modifications to amino acid pools (Kushner, 
1982; Koj , 1985; Gauldif? (in press); Milanino, et.al., 1986). 
The response is triggered by blood-borne mediators released 
from activated local tissues and induces products of phospholipid 
metabolism and polypeptide hormonelike mediators, or cytokines, 
which have a broad range of physiological effects. Tissue 
macrophages and peripheral blood monocytes are the cells most 
likely to initiate the process as they become activated upon 
encounter with a foreign organism such as a parasite. These 
cells Bre potent sources of early acting 'alarm' cytokines 
including inter1eukin-1 (IL-1) & tumor necrosis factor (TNF). 
These early cytokines act on adjacent tissue cells including 
fibroblasts and endothelial cells, causing activation, 
modulation of cell surface components and release of further 
cytokines in a cascade response (Le, et.al., 1987; Hoover, 
et.al., 1984; Bevilacqua, et.al., 1985). 
At the local level, vascular permeability changes occur 
immediately, particularly at the post-capillary venules due to 
the action of prostaglandins, leukotrienes and other vasoactive 
and kinin-like mediators. This results in tissue edema and may 
be associated with pain. These developments are accompanied by 
vascular events such as platelet aggregation [a reaction mediated 
by thrombin, adenosine compounds or platelet activating factor 
(PAF)] that results in release of peptides such as transforming 
growth factor (TGE-/^ ), platelet factor 4 (PF 4) and /3 -
thrombog 1 obu 1 in (/bTG). These mediators, alongwith others such as 
leukotrienes B^ (LTB4), IL-8 and monocyte chemotactic and 
activating factor (MCAT), cause the early influx of neutrophils, 
monocytes and lymphocytes into the local tissue (Wolpe, 
et.a 1 . ,1989) . This accumulation and activation resulting in the 
release of lysosomal enzymes and further mediators, is the early 
component of the protective response. Phagocytosis and 
cytolysis, particularly of tissue invading parasites, should 
occur at this time. As a result oT tissue activation, mediators 
initiate a spectrum of systemic changes which are probably 
protective in function. These systemic responses are slower in 
nature and involve pain, mediated by kinins, and fever, mediated 
by a series of cytokines including IL-1, IL-6 and other 
macrophaqe-derived inflammatory peptides (MIP-1 & MlP-2) acting 
on the hypothalamus (Matsushima, et.al., 1989). IL-1 & IL-6 also 
act on the central nervous system (CNS) inducing adrenocortico-
tropic hormone (ACTH) & Cortisol. Mobilization of the bone 
marrow and maturation of inflammatory cells result from colony-
stimulating cytokines released from the inflamed tissues, 
including granulocyte (G) - & granulocyte macrophage - colony 
stimulating factor (GM-CSF) alongwith multi-CSF or IL-3. Over a 
period of 12 - 24 hr.,the liver responds to cytokine exposure by 
initiating the hepatic acute-phase protein response, with uptake 
of amino acid and modulation of g1uconeogenesis. Subsequently, 
the same cytokine influence the immune response against the 
organ ism. 
The function of this non-specific acute reaction appearB-...,:to 
be early protection and preparation for a prolonged defence. 
There is evidence that pre-exposure to some inflammatory 
cytokines, such as IL-1, protects by non-specific mechanisms 
against subsequent bacterial challenge. Fever, one of the early 
responses, has been suggested to be a protective mechanism by 
making organisms more susceptible to cytolysis and enhancing 
immune responses (Ashman, et.al., 19B4), Most investigations 
into this possibility have involved bacterial (van der Meir, 
et.al,, 19B9) or viral infections. Other systemic changes may 
represent the homeostatic and repair response of the host, but 
may be used by parasites to modify the hostile conditions in 
which they must exist (Peterson, et.al., 1982). It is even 
possible that parasites release a similar set of mediators to 
modify the host responses. Moreover, the liver mixed function 
oxidase system, including the P-450 enzymes, are suppressed 
during the acute phase response; this may be very important 
during chronic infections of humans (Williams, 19B5) as it may 
render them susceptible to environmental or infectious-agent-
derived toxins. 
THE ACUTE PHASE PROTEIN RESPONSE 
One significant component of the systemic acute phase 
response is increased synthesis by hepatocytes of plasma acute 
phase proteins (APPs), molecules important in limiting 
inflammation, and possibly, in regulating immune responsiveness. 
Table 1 lists APPs and highlights some species specificities and 
biological functions. 
The full spectrum of APP changes can be observed following 
the induction of a sterile abscess via subcutaneous injection of 
turpentine into a rat : significant increases in the 
concentration of a number of proteins occur (Warwas, et.al., 
19B5) as well as a decrease in the concentration of albumin, 
preablumin, transcortin and °<i.- microglobulin (Dickson, et.al., 
1982; Faict, et.al., 1983). In general, the magnitude of the 
acute phase response is related to the severity of the 
inflammatory state or the extent of tissue injury. Similarly, 
kinetics of plasma change differ between acute - phase proteins; 
rapidity of change generally parallels magnitude of change. 
Acute phase proteins have been defined as those proteins 
whose plasma concentration rises 257. or more following stimulus. 
It is convenient to divide the human acute phase proteins into 
three groups based on the usual magnitude of the plasma changes 
observed. A partial list of the best studied human acute - phase 
proteins is seen in Table 2. Other reported human acute phase 
proteins include other complement components (atleast C4, C9, & 
Factor B ) , angiotensinogen, kininogen, kininogenase, ferritin, 
certain clotting factors, some fibrinolytic proteins and their 
inhibitors (Kluft, et.al., 1985; Sipe, et.al., 1986). These 
acute phase proteins vary tremendously in their physicochemical 
characteristics & known functional capabilities (Table 1) Nhile 
most of them are glycoproteins (as are all the major, plasma 
proteins with the exception of albumin), neither of the two human 
acute phase proteins demonstrating the greatest percentage 
increase in concentration, C-reactive protein (CRP) & serum 
amyloid A protein (SAA), are glycoproteins. 
It is important to emphasize that there is great variability 
in acute phase behaviour from one species to another (Table 3 ) . 
Confusion has often arisen because of the presumption that a 
protein which manifests acute phase behaviour in one species 
must similarly manifest it in others. Major differences exist 
between even closely related species such as mouse and rat. In 
general, there is increased synthesis of fibrinogen, =<i -acid 
glycoprotein, & haptoglobin & decreased albumin synthesis during 
the acute phase in all mammalian species studied. In contrast, 
there are sharp differences between the species in the acute 
phase behaviour of CRP, SAA, serum amyloid P protein (SAP) and 
*<£ macrog lobul in . 
Another related acute phase phenomenon is an alteration in 
the pattern of g1ycosylation of a number of the glyco-proteins. 
Microheterogeneity is normally present in these proteins, the 
various forms differing in the arrangement or composition of 
their glycan side chains. As a result, subpopulations of 
molecules of a given glycoprotein vary in their affinity for 
lectins. Studies in both man & rat have shown a relative 
increase in con A-reactive forms of several acute phase proteins 
Table 1. The acute phase proteins & their biological roles i 
Protein Species Biological Role 
Major Concentration 
Increases 
C-reaction protein 
'^i-Acid glycoprotein 
Serum amyloid A protein 
•^i-Macroglobul in 
"^i-Cysteine protease 
inhibi tor 
Human, rabbit,rat Opsonins,immunomodu-
lating 
Most species Transport protein 
Human, mice ? 
Rat Antiprotease/transport 
protein 
Rat Antiprotease 
Medium Concentration 
Increases 
'^i - Protease inhibitor 
°<L- antichymotrypsin 
Fibrinogen 
Haptoqlabin 
Serum amyloid P protein 
Ceruloplasmin 
Complement C3 
Angiotensinogen 
Fibronectin 
Female hamster protein 
Glycosy1 transferases 
Human 
Human 
Most 
Most 
Mice 
Most 
Mice, 
Rat, 
Rat, 
, mice, 
, mice 
spec ies 
species 
species 
human, 
human 
human 
Hamster 
Rat 
rat Antiprotease 
Antiprotease 
Coagulation 
Binds hemoglobin 
O2 - Scavenger 
rat Opsonin 
Blood pressure 
Cell attachment 
Carbohydrate 
attachment 
Negative changes in 
concentration 
Albumin 
Transferrin 
Transcortin 
Prealbumin 
'<\j^- Globulin 
Most 
Most 
Rat 
Rat 
Rat 
species 
species 
Transport protein 
Transport protein 
T3 , T^  transport 
T5 , Tj. transport 
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Table - 2. Best studied human acute-phase proteins * 
Group I Group II Group III 
about 507. about 2-4 fold upto 1000 fold 
increase increase increase 
Ceruloplasmin <^).- Acid glycoprotein C-reactive protein 
(CRP) 
Complement '^i - Proteinase inhibitor 
components : ( =<'i. - antitrypsin) Serum amyloid A 
(SAA) 
C3 , C4 Haptoglobin 
Fibrinogen 
* classified on the basis of usual change in plasma concentration, 
Table - 3. Some interspecies differences in acute-phase proteins. 
S p e c i e s CRP SAA SAP «'i-M ^a-AGP F i b r i n o g e n 
Man + + + + + + + + 0 0 + + + + 
Mouse + + + + + + + ? + + + + 
R a t + - O + + + + + + + + + 
CRP, C-Reactive protein; SAA, Serum amyloid A; SAP, Serum amyloid 
P; "^ 3.- M, ^-u - Macroglobul in; '^i- AGP, '=<'i.-acid glycoprotein; 
-, SAA is not detected in rat plasma; 0, not an acute phase 
protein. 
in some inflammatory states (Nicollet, et.al., 1981; Koj, et.al., 
1987). This qualitative acute phase phenomenon has not been as 
thoroughly investigated as has the quantitative increase in 
synthesis of the acute phase proteins; it is generally felt that 
it results from differences in activity of various glycosylating 
enzymes (Raynes, et.al., 1982). These changes can be induced in 
liver cells by cytokines and are dissociable from changes in 
the synthesis rate (hackiewicz, et.al.,1987). 
I. IDENTIFICATION OF THE IN VIVO HEPATIC RESPONSE PATTERN : 
In the last few years, major progress has been made toward 
A) identification of the potential mediators of the liver 
regulation, B) reproduction of the liver cell reaction iri vi tro & 
C) delineation of the cellular & molecular mechanisms by which 
the acute phase protein genes a.rB regulated. Therefore it is 
considered proper to describe them in greater detail below. 
A) CYTOKINE MEDIATORS OF THE ACUTE PHASE PROTEIN RESPONSE : 
The immune response as well as the effector phase of immune 
reactions is regulated by soluble mediators called cytok ines or 
inter 1eukins. Most of these cytokines have been molecularly 
cloned, & recombinant molecules are available to evaluate more 
systematically their role in immune regulation, hematopoiesis & 
inflammation. Specific receptors for these molecules have also 
been identified & some have been isolated. Cytokines were 
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originally thought to be specific in their function; for example 
the presence of T ce11-specific or B ce11-specific growth factor. 
However, the overriding principle that has emerged from the 
studies with recombinant molecules is that most cytokines are 
multifunctional & more than one cytokine acts on the same target 
cells and mediates the same or similar functions. Moreover, 
cytokines are shown to be produced not only by immuno-competent 
cells but also by various other tissues and cells, such as 
fibroblasts, epidermal keratinocytes, endothelial cells, bone 
marrow stromal cells, & brain astrocytes. 
The typical examples of multifunctional cytokines are IL-1, 
lL-6 & TNF. These cytokines are produced mainly by monocytes and 
were previously called monokines, but various other types of 
cells were also found to be a source. The above-mentioned 
cytokines show a wide variety of biological functions, as 
summarized in Table 4. 
a) INTERLEUKIN-i «< THE PATHOGENESIS OF THE ACUTE PHASE RESPONSE 
Perhaps the most fundamental event in the initiation of the 
response is the production of a mediator molecule called 
inter1eukin-l, a polypeptide that induces both laboratory and 
clinical features of the acute phase response. Interleukin-1 is 
produced primarily from phagocytic cells. It enters the 
circulation and affects distant organ systems; in this regard, it 
acts as a hormone mediating the host's responses to infection & 
inflammation. The primary sources of interleukin-i are blood 
Table - 4 : Properties of IL-1, IL-2 and TNF 
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monocytes, phagocytic lining cells of the liver & spleen, & other 
tissue macrophages ; specialized cells such as keratinocytes, 
gingival & corneal epithelial cells, renal mesangial cells, & 
brain astrocytes also produce inter1eukin-1 like molecules. The 
interleukin-i produced by these latter cell types may exert its 
primary effects within these tissues. Therefore, the ability of 
microbial & inflammatory substances to stimulate the production 
of interleukin-1 by strategically located specialized cells 
appears to be part of the pathologic mechanism in many diseases. 
IL-1 IS initially synthesized as a 33,000 dalton precursor, 
which IS subsequently processed during or after secretion of 
molecular weight forms in the range of 13,000 - 17,000 (Gin, 
et.al., 1985). Cloning studies revealed that there are alteast 
two forms of IL-1, termed '<^  & /3 , that exhibit limited amino 
acid homology (22 - 267.) (Aarden, et.al., 1979). The mature 
forms of IL-li< & IL-1 /3 also exhibit significantly different 
isoelectric points : IL-1 o< has a pi of approximately 5 & IL-IA 
a pi of approximately 7. Surprisingly, the IL-1 precursors lack 
the classical hydrophobic signal sequences (Lomedico, 
et. al. ,1987) . Indeed, the pathway for IL-1 secretion is not well 
understood. 
Nearly all infectious, immunologic reactions, & inflammatory 
processes stimulate mononuclear - cell phagocytes to synthesize 
and release in ter 1 euk in-1 , Inter 1 eukm-l is more than just an 
mterleukin since, in addition to affecting neutrophils, T-
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cells, & B-cells, it affects several nonleukocytic targets, such 
as the liver, pancreas, bone, muscle, fibroblasts & brain. The 
patient-with an ongoing localized bacterial infection provides an 
excellent example of the biological activity of inter1eukin-1 in 
the host. At the onset of infection, blood monocytes & tissue 
macrophages become activated either by phagocytosis of the 
invading microbe or by exposure to its products or toxins. 
Either process results in the synthesis & release of 
interleukin-1. Although local effects of interleukin-i in the 
surrounding tissues contribute to certain pathologic changes, the 
molecule also enters the circulation, where it may interact with 
several distant tissue targets. Fever is a prominent sign of the 
acute-phase response and is the result of the action of 
inter1eukin-1 on the thermoregulatory centre in the brain. IL-1 
initiates fever by inducing an abrupt increase in the synthesis 
of prostaglandins, most notably prostaglandin E-2 in the anterior 
hypothalamus. The elevated prostaglandin levels in the 
hypothalamus raise the thermostatic set point & drive the 
mechanisms of heat conservation (vasoconstriction) & heat 
production (muscle shivering) until the blood & core temperature 
arB elevated to match the hypothalamic set point (Dinarello, 
et .al . , 1982) . 
Whereas fever is clearly one of the most obvious signs of 
the acute phase response, other components of the response can be 
present without causing apparent clinical manifestations. For 
the most part, these components include various cellular 
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responses that are highly sensitive to low concentrations of IL-
J. Many of the responses to JL-1 often occur in localized sites 
of inflammation or injury, for example, in response to blunt 
trauma or immunization. IL-1 concentrations may be particularly 
high at these sites, whereas other tissues will respond to 
circulating concentrations of the molecule. One of the most 
sensitive responses to interleukin-1 is an increase in the number 
& immaturity of circulating neutrophils. The release of 
neutrophils is apparently due to the direct action of IL-i on the 
bone marrow (Kampschmidt, et.al., 19B1). In human subjects 
injected with various IL-1 inducing substances, such as 
endotoxin, marked neutrophilia can be measured; in addition, 
these circulating neutrophils show evidence of increased 
metabolic activity. The neutrophii 1 ic responses also occur in 
human subjects given subpyrogenic doses of endotoxin (Elin, 
et.al.,1982). IL-1 is also chemotactic for neutrophils & T-cells 
and local concentrations of IL-1 in inflammatory sites probably 
contribute to cellular infiltration (Lugler, et.al., 1983). 
During the acute phase response, the liver dramatically 
increases the synthesis of acute phase proteins, whereas albumin 
synthesis is reduced as mentioned above. Although hepatic acute 
phase protein synthesis may be modulated by homeostatic hormones, 
IL-1 15 clearly involved in triggering the transcription & 
synthesis of these proteins (Dinarello, 1984; Pepys, et.al., 
1983). In human subjects given an injection of endotoxin, in 
patients with febrile & or inflammatory diseases, & in animals 
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given infusions of IL-i, these acute phase proteins are detected 
in the serum within several hours. During the course of many 
untreated chronic diseases, concentrations of these proteins 
increase so that the sedimentation rates of erythrocytes reach 
very high levels. However, not all chronic infections or 
inflammatory diseases are associated with these changes, & some 
clinical studies suggest that a refractory state can develop in 
which only small amounts of acute phase proteins are produced by 
the liver (Pepys, et.al., 1983). 
Several systemic changes contribute to the metabolic 
derangements seen during the acute phase response. There are 
increases in the production of insulin, glucagon, growth hormone, 
thyroid stimulating hormone, & vasopressin, and as mentioned 
above, there is a marked increase in hepatic protein synethesis 
(Bissel, 1977; Neufeld, et.al., 1980). Despite these anabolic 
processes, the acute phase response is accompanied by a 
pronounced catabolism of muscle protein associated with a loss of 
body weight & an overall negative nitrogen balance. Although 
fever increases oxygen & caloric demands (usually there is 7 7, 
increase per degree Fahrenheit of temperature elevation), most 
of the negative nitrogen balance results from oxidation of amino 
acids from skeletal muscle, contributing to muscle wasting. The 
metabolic changes of the acute phase response are clearly 
inefficient, since amino acids from degraded muscle tissue are 
used for gluconeogenesis & energy & the use of fat is reduced. 
The mechanism of metabolic catabolism during infection & 
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inflammation is distinct from that of starvation. For example, a 
person adapted to starvation excretes 4 g of nitrogen per day & 
spills large amounts of ketones into the urine, whereas a person 
with sepsis excretes 15 g of nitrogen per day with small amounts 
of ketones (Bissel, 197-7). 
Does the dramatic mobilization of amino acid serve any 
purpose? Although the metabolic demands of elevated temperature 
contribute to the need for an increased supply of energy 
substrates, the host also requires a large supply of amino acids 
for synthesis of new protein at a time when intake may be 
severely impaired or appetite reduced. Amino acids are required 
for proliferation of lymphocytes & fibroblasts as well as for the 
synthesis of hepatic acute phase reactants, immunoglobulins, & 
collagen for repairing damaged tissues. The well-coordinated 
events providing ample amino acids for these cellular functions 
seem to be orchestrated by IL-1. Animals given infusions of IL-
1 hours previously & human subjects with experimental fever 
excrete oxidized amino acids into the urine (Bissel, 1777; Yang, 
et.al., 1983). These catabolic processes have been studied 
under controlled conditions by incubation of muscle strips with 
IL-1 ij2 vitro. This direct action of IL-1 on muscle tissue 
results in dramatic increases in prostaglandin E-2 production & 
protein degradation (Baracos, et.al., 1983), which is reduced 
when prostaglandin synthesis is blocked with antipyretic drugs. 
These experiments support clinical observation that antipyretics 
relieve myalgias associated with febrile diseases. In addition 
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to the direct effect of IL-1 on muscle tissue, there is an 
indirect effect on muscle as prostaglandin E-2 production & 
muscle degradation are enhanced at febrile temperatures 
(Baracos, et.a 1. ,1983) . 
Stimulation of lymphocytes by IL-1 is a vital function in 
host defence, since it contributes to the initiation af cellular 
& humoral immune mechanisms directed against the infecting 
microbe or malignant cell. One of the roles of the 
macrophage/monocyte in immunologic processes is the production of 
IL-1 ; removal of these cells during experimental conditious 
diminishes or prevents lymphocyte responses. There is a large 
body of evidence concerning the functional role of IL-1 in B cell 
proliferation & antibody production (Lipsky, et.al., 1983; 
Falkoff, et.al., 1983) as well as in T cell activation (Mizel, 
1982). The importance of IL-1 for T-cel1 involves the production 
of lymphokines, the most notable being IL-2, which in turn 
provides the growth signal for clonal expansion of various 
helper, suppressor, & cytolytic T-cells (Luger, et.al., 1982) & 
augments natural killer cell activity (Dempsey, et.al., 1982). 
Figure (2) illustrates the multiple biologic activities of IL-1 
involved in the acute phase response. 
TUMOR NECROSIS FACTOR AND THE ACUTE PHASE RESPONSE 
Parasitic, bacterial, & viral infections and neoplastic 
disease profoundly affect host metabolism, disrupting normal 
licroorganiEffls, Hicrobial products, 
Antigen-antibody, Lyiphokmes, Toxins, Injury, 
inflassatory Processes, Adjuvants 
Hononuclear Phagocyte Activation 
Endogenous pyrogen. Leukocytic endogenous sediator, 
Lyiphocyte activating factor, Mononuclear ceil factor 
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Figure - 2 ; Multiple biological activities of Interleukin-1 
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homeostatic mechanisniB both locally & Bystemical ly. A large body 
of research has documented that many of the Observed biological 
responses to invasive stimuli are mediated by host secreted 
cytokines, in particular the secretory products of activated 
macrophages. One such cytokine, cachectin/tumor necrosis factor 
(TNF) has emerged as a particularly important mediator of 
inflammatory responses. It produces haemorrhagic necrosis of 
tumors in animals (Old, 1985), suppresses lipid biosynthesis in 
adipose tissue (Kawakami, et.al., 1982; Pekala, et.al.l983; 
Torti, et.al., 1985), modulates proteolytic activity in 
connective tissue (Dayer, 1985), augments granulocyte phagocytic 
activity (Shalaby, 1985), regulates the expression of 
histocompatibility antigens (Collins, et.al., 1986) & acts as an 
endogenous pyrogen (Dinarello, et.al., 1986). Many of these 
effects are similar to those of IL-1 & characteristic of the 
acute phase response despite substantial differences in the 
primary structures of TNF & IL-1. TNF has also been shown to 
exert local, tissue specific effects. Its wide range of 
bioactivities include stimulation of collagenase activity & 
prostaglandin E-2 production by synovial cells (Dayer, et.al., 
1985), stimulation of osteoclast activity & bone resorption 
(Bertolini, et.al., 1986), promotion of angiogenesis (Prater— 
Schroeder, et.al., 1987; Leibovich, et.al., 1987), & stimulation 
of procoagulant & platelet activating factor activity in 
endothelial tissue (Camussi, et.al., 1987; Nawroth, et.al., 
1986). It has also been shown to stimulate proliferation of 
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normal fibroblasts (Fransen, et.al., 1V86; Sugarman, et.al., 
1985; Vilcek, et.al., 1986) & to induce the release of certain 
growth factors including IL-1, granulocyte macrophage - colony 
stimulating factor, /B2^ -in ter f eron, & platelet derived growth 
factor {Hajjar, et.al., 1987; Kohase, et.al., 1986; Le, et.al., 
1987; Munker, et.al., 1986). The ability of tumor necrosis 
factor to modulate such activities raises the intriguing 
possibility that it may play a paracrine role in the regulation 
of normal tissue homeostasis. 
TNF/cachectin has a subunit molecular mass of 17 KD & a pi 
of 3.9 (Beutler, et.al., 1985) The physical properties of this 
molecule are quite similar irrespective of the species from which 
it is isolated (Beutler, et.al., 1985; Haranaka, et.al., 1986; 
Ruff, et.al,, 1980). The amino acid sequence of murine, human and 
rabbit TNF/cachectin have now been determined from cDNA clones 
(Fransen, et.al., 1985; I to, et.al., 1986; Marmenout, et.al., 
1985; Wang, et.al., 1985). The mature mouse protein is 156 
residues long (Fransen, et.al., 1985). The mature human protein 
consist of 157 residues due to the insertion of a histidine 
residue at position 73 (Pennica, et.al., 1984), while the mature 
rabbit protein is only 154 residues in length due to the absence 
of two NH - terminal residues (Ito, et.al., 1986). 
In all three mammalian species characterized to date, 
cachectin/TNF is synthesized as a prohormone, which is 
subsequently cleaved at several discrete sites during processing 
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to yield the mature 17 - KD hormone (Caput, et.al., 1986; 
Fransen, et.al., 1985; Pennica, et.al., 1985). The uncleaved 
precursor sequence is composed of 79 amino acids in the mouse, 76 
in the human, & 80 in the rabbit (Fransen, et.al., 1985; Ito, 
et.al., 1986; Pennica, et.al., 1984). The amino acid sequence of 
both the propeptide & the mature protein is highly conserved 
between mouse and human, with 797. of the residues in the mature 
hormone, & 867. of the residues in the propeptide sequence being 
conserved between the two species (Caput, et.al., 1986; Fransen, 
et.al., 1985; Pennica, et.al., 1984). The fact that the 
propeptide sequence is so highly conserved suggests that it may 
possess a distinct biological function. 
Several characteristics of TNF suggest that in_ vivo, it may 
be an important, if not dominant, mediator of the hepatic acute 
phase response. First radiolabeled TNF is concentrated in the 
liver after intravenous administration (Beutler, et.al., 1985). 
Second, TNF may be released in higher concentration than IL-1 
under certain circumstances; e.g.,rabbits injected with endotoxin 
(Beutler, et.al., 1985). Third, TNF mediate changes in hepatic 
gene expression in hepatoma cells that appear to express only 
small number of TNF receptors Ku11, et.al., 1985). An increase 
in TNF receptor number resulting from the action of other 
mediators released during acute inflammation may further augment 
the hepatic effects of TNF. IFN-r, for example increases TNF 
receptor number two to three fold in a cervical carcinoma cell 
line (Aggarwal, et.al., 1985). Finally the effect of TNF in vivo 
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may be amplified by autocrine or paracrine stimulation of IL-1 
release (Dinarello, et.al., 1986). 
The mechanism of regulation of hepatic acute phase gene 
expression by TNF & IL-1 is likely to be transription. Kulkarni 
et. al. (1985) have shown that changes in the expression of 
KX-acid glycoprotein and albumin in rat liver after subcutaneous 
turpentine injection primarily reflect changes in rate of 
transcription. Further studies will be necessary to prove that 
transcriptional regulation is elicited by highly purified 
monokines, IL-1 & TNF, & to determine whether the same mechanism 
can be implicated in their effects on different hepatic gene 
produc ts. 
C. INTERLEUKIN-6 AND THE ACUTE PHASE RESPONSE i 
Since the acute phase proteins are synthesized in the liver 
& injury to another part of the body results in increased 
synthesis of acute phase proteins, the existence of hormone like 
mediators was proposed. For many years, investigators have been 
searching for such mediators. Since leukocytes are the cells 
first attracted at the sites of injury, they were examined as 
candidates for the synthesis & release of such mediators. 
Indeed, leukocyte supernatants were shown to be able to stimulate 
the synthesis of numerous acute phase proteins in rats, rabbits 
& mice (Kampschimidt, et.al., 1973; Powanda, et.al., 1973; 
Wannemacher. et ^i io7c:x „ . , 
it^ r , ez.ai., 1975), Among the leukocytes. 
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monocytes/macrophage turned out to be the most important 
producers of mediators of the acute phase response (Sipe, et.al., 
1979). Ritchie & Fuller described & partially characterized a 
monocyte derived polypeptide involved in the regulation of acute 
phase protein synthesis, which they called hepatocyte -
stimulation factor (HSF) (Ritchie, et.al., 1983). In the 
following years, several laboratories attempted to purify and 
characterize the hepatocyte stimulating factor produced by 
monocytes (Baumann, et.al., 1984; Koj, et.al., 1984; Woloski, 
et.al., 1985; Fuller, et.al., 1985; Bauer, et.al., 1986; Amrani, 
et.al., 1986; Northoff, et.al., 1987; Fuller, et.al., 1987), rat 
Kupffer cells (Baumann, et.al.; 1987; Goldmann, et.al., 1987; 
Bauer, et.al., 1984), human keratinocytes (Baumann, et.al., 1984) 
and leukaemia cell lines (Woloski, et.al., 1985; Fuller, et.al., 
1987). The molecular mass of the HSF from human monocytes was 
estimated by gel chromatography to be 2 3 - 3 0 K Da (Baumann, 
et.al., 1984; Koj, et.al., 1984; Woloski, et.al., 1985; Amrani, 
et.al., 1986; Northoff, et.al., 1987; Fuller, et.al., 1987: 
Baumann, et.al., 1987; Goldmann, et.al., 1987). An isoelectric 
point of approximately 5.4 has been determined (Fuller, et.al., 
1987). The production of HSF by human monocytes was found to be 
regulated by 1ipopo1ysaccharide in a dose dependent manner 
(Northoff, et.al., 1987). 
^f^^^^'"i"^*i°n °'f hepatocyte - stimulating factor from IL-1 & TNF 
Since human monocytes also release IL-1 & TNF after 
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stimulation with LPS, it was investigated whether these two 
monokines could act as hppatocyte stimulating factors. The 
availability of recombinant human IL-1 & TNF allowed such 
studiPS. Whereas the synthesis of rat hemopeyin, complement C3, 
haptoglobin, i^ -^ acid glycoprotein, albumin, murine serum amyloid 
A & P and human meta1lothionein were regulated by IL-1 (Ramadori, 
et.al., 1985; Darlington, et.al., 1986; Perlmutter, et.al. 198<b; 
Koj , et.al., 1987, Geiger, et.al., 1988; Andus, et.al., 1988; 
Karin, et.al, 1985) the synthesis of the majority of acute phase 
proteins could not be stimulated by IL-1 (Koj., et.al., 1984; 
Woloski, et.al., 1985; Fuller, et.al., 1985; Northoff, et.al., 
1987; Baumann, et.al., 1987; Goldmann, et.al., 1987; Darlington, 
et.al., 1986; Koj, et.al., 1987; Andus, et.al., 1988). 
Recombinant human TNF- •< showed a very limited effect on a 
subset of acute phase proteins (Baumann, et.al., 1987, Goldmann, 
et.al., 1987; Darlington, et.al., 1986; Perlmutter, et.al., 1986; 
KOJ , et.al . , 1987) . 
Identification of IL-6/B-Cell stimulatory factor-2 as hepatocyte 
- stimulating factor. 
After the discrimination of IL-1 & T N F = ^ T from HSF, 
interferons were examined as potential hepatocyte stimulating 
factors. Highly purified IFN- Ji contained hepatocyte 
stimulating activity, absent from recombinant human IFN- [6 1, 
IFN- oC , K recombinant human IFN-)-, indicating that hepatocyte 
stimulating factor copunfied but was distinct from IFN- ji L 
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(Andus, et.al., 1987). Gauldie et.al., (1987) reported that 
antibodips raised against interferon ( ySi + f62. ) from fibroblasts 
inhibited hepatocyte stimulating activity derived from human 
monnry Les. 
In 1986/87 IFN- P2. was shown to be identical with B-cell 
stimulating factor-2, hybridoma plasmacytoma growth factor, 26 
kDa protein (Andus, et.al., 1987; Gauldie, et.al., 1987; Billiau, 
1986; Sehgal, et.al., 1987; Billiau, 1987) and the name IL-6 was 
proposed for this molecule (Gauldie, et.al., 1987). Using 
recombinant B-cell stimulatory factor-2, Gauldie el.al. (1987) 
presented the first evidence that hepatocyte stimulating factor 
IS Identical with lL-6. BSF-2/IL-6 induced the synthesis of j ^ -
fibrinogen, X JL -an t ic hymot rypsin , i^ \. -acid glycoprotein and 
haptoglobin in HepG2 cells &*<,_- macrog 1 obu 1 in & cysteine protease 
inhibitor in rat hepatocytes. Furthermore in rat hepatocyte 
primary cultures (Andus, et.al., 1988), or in the rat hepatoma 
cell lines e.g. Fao & H-35 (Andus, et.al., 1987-88; Baumann, 
et.al., 1987; Itoh, et.al., 1989), IL-6 led to a dose and time 
dependent regulation of °<i. -mac rog 1 obu 1 in , /2> -fibrinogen, 
cysteine protease inhibitor, ^ ^-acid glycoprotein, angiotensinogen 
& a Ibumin. 
Induction of rat acute phase proteins by IL-6 ijT^  vivo : 
After the demonstration that IL-6 is potent inducer of acute 
phase protein synthesis in rat hepatoma cell line & in adult rat 
hepatocytes, the validity of these observations remained to be 
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demonstrated under ij2 vivo conditions. The administration of 
recombinant human IL-6 to rats led to increases in the hepatic 
mRNA level of D<<j.-mac rog 1 obu 1 in , ^-fibrinogen, cysteine-protease 
inhibitor & o(i.-ac\.d glycoprotein & to a simultaneous decrease in 
albumin mRNA concentrations (Geiger, et.al., 1988). When the 
time course of acute phase protein mRNA induction after the 
administration of recombinant human IL-6 was compared with that 
after intramuscular injection of turpentine (commonly used for 
the induction of the acute phase response) a more rapid 
induction of the /i -fibrinogen & "V^-mac rog 1 obin m mRNA levels 
was observed in the case of recombinant human IL-6 (Geiger, 
et.al., 1988). This delay in acute phase response could be due 
to an indirect action of turpentine, where a cascade of reactions 
including activation of inflammatory cells & the formation, 
secretion and transport of acute phase mediators from the local 
abscess to the liver had to proceed, whereas recombinant human 
IL-6 acted directly on the hepatocytes. These results were 
recently confirmed (Marinkovic, et.al., 1989). 
ACTIONS OF INTERLEUKIN - 6 
a) Interleukin-6 is the major regulator of the acute phase 
response in human hepatocytes : 
First evidence for IL-6 as an inducer of the acute 
phase response in the human system came from work with human cell 
lines (Gauldie, et.al., 1987; Baumann, et.al., 1987; Ganapathi, 
et.al., 1988; Mackiewicn, et.al., 1989; Daveau, et.al., 1988; 
23 
Koj, et.al., 1988; Perlmutter, et.al., 1989). Increases in 
protein synthesis of /3 - fibrinogen, ^, - AGP, ^j_ - antitrypsin, & 
complement factor B are observed upon stimulation of Hep G2 cells 
with recombinant human IL-6. However, no induction of the major 
human acute phase proteins, C-reactive protein & serum amyloid A, 
could be observed in IL-6 stimulated Hep G2 or Hep 3B cells. 
The combination of IL-1 & IL-6 was required to stimulate C-
reative protein & serum amyloid A synthesis in Hep 3B cells 
(Ganapathi, et.al., 1988). Only in NPLC/PRF/5 cells could an IL-
6 dependent stimulation of C-reactive protein and serum amyloid A 
synthesis be detected (Ganapathi, et.al., 1988). First 
evidence for IL-6 as the major inducer of acute phase proteins in 
humans came from studies with human hepatocytes in primary 
culture. In this system, IL-6 was capable' of inducing C-
reactive protein & serum amyloid A synthesis in a dose & time 
dependent manner (Castell, et.al., 1988). Since several 
investigators have found that IL-1 (Ramadori, et.al., 1985; 
Darlington, et.al., 1986; Perlmutter; et.al., 1986; Koj, et.al., 
1987; Geiger, et.al., 1988; Andus, et.al., 1988; Dinarello, 1984; 
Klapproth, et.al., 1989) & TNF - ^ (Darlington, et.al., 1986; 
Perlmutter, et.al., 1986) were inducers of acute phase protein 
synthesis, comparative studies on the induction of various acute 
phase proteins by the three monokines have been carried out 
in human hepatocyte primary cultures (Moshage, et.al., 1988; 
Castell, et.al., 1989). While IL-6 stimulated the full spectrum 
of acute phase proteins seen m inflammatory states m man, 
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IL-1 as well as TNF- ^ had only a moderate effect on the 
positive acute phase proteins (Castell, et.al,, 1989). These 
findings strongly suggests that IL-6 plays a key role in human 
acute phase protein synttiesis. 
b) Pleiotropic action of IL-6 : 
Besides its effect on hepatocytes, IL-6 acts on several 
other target cells ( K" i shimoto, et.al., 1988; Wong, et.al., 1988), 
(Fig. 3 ) . The biological functions of IL-6 under different names 
have been studied in various laboratories with a variety of cell 
systems. When sequence data & specific antibodies became 
available after the purification and cDNA cloning of these 
"different factors" they turned out to be identical. To unify 
the nomenclature, Poupart et.al. (1987) and Yasukawa et.al. 
(1987) proposed the name IL-6 for this molecule. Although this 
name is somewhat misleading, because IL-6 is synthesized by & 
acts on leukocytic and non-leukocytic cells, it was accepted at a 
conference of the New York Academy of Sciences & the National 
Foundation for Cancer Research in New York in Dec.1988 by the 
majority of the investigators in the field (Sehgal, et.al., 
1989), 
ACUTE PHASE RESPONSE DURING PARASITIC INFECTIONS : 
The acute phase protein response in human parasitic infections : 
The acute phase response has been viewed historically as a 
passible diagnostic tool for indicating occult inflammation or 
PI 
' hi 
i isnincv'oni.i Pkisiiio cell B cell ( y Neural 
(ji/fcrcntiJtJon 
^^" , o <=> Hai'ivntoDonsis 
/ 
A,, - G^ 
MJlur3tivn 
of cytolotic 
T-cells 
I'i'^. J'^ . I'leiotropic uetions of i i i tcrk'ukin-6 
25 
infection. The erythrocyte sedimentation rate, which is related 
to changes in APP concentration (particularly fibrinogen), is 
commonly used as a cursory indicator of inflammation in humans. 
In a study involving human volunteers infected with various 
Plasmodium spp, significant increases in the plasma '^i.-fraction 
(probably c^j^^Pl) were noted (Klainer, et.al., 1968) & similar 
changes were detectable in naturally acquired disease (Klainer, 
et.al., 1769). However, there was no relationship between the 
changes & the magnitude or duration of fever, severity of 
illness, or density or duration of parasitaemia. Increased 
levels of serum glycoproteins with decreased albumin & /^  -
globulin liave also been reported m humans infected with 
schistosomes (Mousa, et.al., 1976) but, unlike in the case of 
murine model of schistosomiasis, humans fail to show increased 
APP concentrations at the time of liver granuloma formation 
(Hanoukian, et.al,, 1984). 
Few studies have been reported regarding intestinal 
infections of man & specific APP changes. Albumin levels were 
reportedly decreased in a study of Egyptian children with 
multiple intestinal parasite species including Giardia, 
Entamoeba, Hymenolepis & Ascaris (Cole, et.al., 1982), Lower 
albumin concentrations correlated with a failure to gain weight 
as the children aged through puberty, infection with Giardia & 
Hymenolepis giving the greatest changes. In a second study, 
anthelminthic treatment of Vietnamese children led to reduced 
serum ^j_-acid glycoprotein, -<i-PI & ceru lop 1 asmin levels, 
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despite the fact that many of the children suffered from multiple 
infections (Blom, pt.al., 1979). It was concluded that 
Ancylostoma duodena 1e is probably the helminth that provides the 
major stimulus for the APR in the intestine. 
The acute phase protein response in animal parasitic infections : 
While there are many studies of APR induced by infections in 
rodents, there is little comprehensive analysis of the response 
to any single infectious organism. Neverthless animals have been 
shown to respond to protozoan & helminth infections. For 
example, three days after inoculation of mice with Trypanosoma 
br ucei , sr>rum levels of haptoglobin & hemopexin increased 
(Pluschke, et.al,, 1986). Infection with T. cruzi induced an 
early snrum amyloid P protein (SAP) but not C3 or C4 response in 
mice (Scharfstein, et.al., 1982) & C3 concentrations increased at 
about nine days aftpr infection, conincident with peak 
parasi taemi a. These serological changes due to T_^ cruzi 
infection were directly dependent on the number of parasites & 
extent of tissue mfiltrtion by the parasite. 
Little has been learnt about the function of the APP from 
infectious model of inflammation. On the contrary it appears 
that some parasites are' able to incorporate host serum proteins, 
including APPs, into their membranes and this may help to shield 
the parasites from the immune system. Trichomonas vaginalis, for 
example, adsorbs human ^^ ^ ^, K.1 PI , immunoglobulins & 
fibronectin onto its surface (Peterson, et.al., 1982). 
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Fibronectin possibly serves as one of the bridges for Leishmania 
niexjcjjina recognition ^ entry into human macrophages & any host 
response that leads to increased expression of molecules with 
similar binding properties may exacerbate the pathology (Wyler, 
et.al., 1985). Similar findings have been reported for T_^ cruzi 
(Quaissi, et.al., 1984). Thus, it is unclear whether the acute 
phase response is beneficial to host survival, by controlling 
tissue destruction & initiating the immune response, or is 
beneficial to the parasite, leading to evasion of host defense. 
Perhaps both situations occur. 
Rodent Schistosomiasis : 
Infection of rats with S_^ mansoni leads to a different acute 
phase profile. In this host, plasma C-reactive protein (CRP) 
levels rise early in the infection, coincident with worm passage 
through the animals lungs (Bout, et.al., 1906). CRP levels peak 
at day 28 & parallel the increase in schistosomicidal potential 
of the platelets. Rat or human platelets incubated with purified 
rat CRP or inflamed rat plasma were able to kill schistosomu1 a in 
vitro. There is evidence in favour of appearance of a 
functionally related product during inflammations. Recent report 
that IL-6, like TNF, directly activated platelets for the killing 
of schistosomula (Pancre, et.al., 1990) may account for the 
enhanced effectiveness of inflamed plasma in activating 
platelets. Thus, rat acute phase serum potentially provides 
several platelet enhancing signals, namely CRP, TNF & IL-6, which 
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appear to be present in inflamed ^erum, 
Rodent enteric nematodes : 
Animals infected with N_^ brasi 1 iensis, a natural nematode, 
show suppression of the liver P-450 enzyme system (Tekwani, 
et.al., 1987), a biphasic reduction in the host's appetite 
coincident with lung & intestinal pathology (Ovington, 1985) & 
reduced albumin levels (Ash, et.al., 1985). In both infections 
the animals lose weight. Subcutaneously administered infectious 
L3 stage larvae of N_^ brasi 1 iensis have an obligatory host lung 
stage, with associated pathology, before their arrival at L4 
stage larvae in the small intestine. Alveolar macrophages become 
activated «< spontaneously secrete IL-1 & IL-6 during the passage 
of the larvae through the h o s t s lungs and they continue to 
secrete increased amounts of these cytokines while the parasite 
inhabits the intestine (Egwang, et.al., 1985). As expected from 
the alveolar macrophage cytokine activity & the extent of 
pathology in both lungs and intestine, there are two periods of 
increased APP changes corresponding to the lung phase and the 
subsequent intestinal phase (l.amon tagne, et.al., 1984; Stadnyk , 
et.al . , 1990) . 
II. ACUTE PHASE PROTEIN RESPONSE IN VITRO : 
Hepatocytes 
One of the primary goals of animal cell culturist over past 
50 years has been to achieve long term continuous culture of 
normal cells exhibiting differentiated properties of their tissue 
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of origin. Despite numerous attempts in many laboratories, 
progress has been limited in this regard fi< the occasional 
successes remain poorly understood. Through most of the history 
of cell culture, the development of new techiques for survival 
and growth of cells xn. vi tro has largely been empirical and cell 
culture in general has suffered from the lack of a unifying 
approach applicable to novel situations. 
Primary hepatocyte culture is one of many techniques which 
simplify the analysis of liver function.^ The advantage of a 
culture approach over alternative methods such as isolated liver 
perfusion is that it permits evaluation of hepatocytes as pure 
isolates in a controlled environment. Cultures have proven 
applicable to a variety of experiments, including studies of 
protein synthesis, intermediary metabolism and enzyme funtions 
(Baffet, et.al., 1982; Crane, et.al., 1974; Dougherty, et.al., 
1980) and more recently membrane potential and electrical 
coupling (Spray, et.al., 1987; Wondergom, et.al., 1981). The 
utility of cultures for intermediate and long term studies has 
been limited however by morphologic and functional alteration of 
the cells during the first few days after plating and ultimately 
the deterioration & death of hepatocytes within 1 to 2 weeks 
(Bissel, et.al., 1975). Loss of liver specific characteristics 
reflects the absence in culture of elements that BTB present and 
support hepatocellular function jj2 vivo. Research directed at 
this problem has involved manipulation of the cell culture 
environment in an effort to define the appropriate conditions 
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under which hepatocyte will maintain a differentiated phenotype 
for extended periods. Initial studies demonstrated that medium 
supplement such as nutrients (Baffet, et.al., 1982; Barnes, 
et.al., 1980) & hormories (Bissel, et.al., 1976, Enat, et.al., 
1984; Friedman, et.al., 1981; Garcia, et.al., 1983; Gaitwaitan, 
et.al., 1983, Jeffery, et.al., 1977; Laishes, et.al., 1976) 
promote increased protein synthesis and secretion by hepatocyte 
monolayers. Similarly, introduction of an organic substratum 
such as type 1 - collagen or poly-1-lysine in place of plane 
tissue culture plastic, enhanced viability and cell attachment. 
In general, though, simple culture conditions have resulted only 
in improvements which are quantitatively minor or transient. 
Currently under development are more sophisticated culture 
methods which introduce factors that may play a role in 
hepatocellular differentiation in vivo (Reid, et.al., 1984). 
Those which rely on medium supplements alone fail to support 
liver specific functions for more than 1 to 2 weeks. (Enat, 
et.al., 1974; Jefferson, et.al., 1985; Wilson, 1983). On the 
other hand, cultures that make use of complex extracellular 
matrix substrata (Clement, et.al., 1984; Emmeman, 1977; Enat, 
et.al., 1984; Gaitwaitan, et.al., 1983; Grinnet, et.al., 1982; 
Guzelian, 1981; Katasuta, rt.al., 1980) have provided dramatic 
resu1ts. 
DIFFERENTIATED FUNCTIONS OF HEPATOCYTES : 
Xenobiotxc metabolxsm : 
Liver 15 the primary organ involved in the xenobiotic 
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metabol15m. Many compounds are taken up by hepatocytes and 
converted to pharmacologically inactive, active or toxic 
metabolites. Xenobiotic metabolism occurs according to various 
pathways wfiich are classified into two groups. Phase I reactions 
which include oxidations, reductions and introduction of 
hydrophilic groups; Phase II conjugation reactions. One major 
phase I pathway is represented by the cytochrome P-450 dependent 
monooxygenases located in the membranes of endoplasmic reticulum. 
The monooxygenase system has three main components : a group of 
hemoproteins collectively called cytochrome P-450, NADPH 
requiring flavoprotein (NADPH - cytochrome P-450 reductase) & a 
lipid moiety which is a constitutive part of the membrane. The 
multiple forms of cyt P-450 account for the wide substrate 
specificity of the mixed function oxidase system. Conjugating 
enzymes (Phase II) are located either in the membrane (UDP-
g lucuronyltransferase) or in the cytosol (Su1fotransferase) . 
Complex regulatory processes, involving both endogenous & 
exogenous factors are exerted on hepatic metabolism irT_ vi tro. & 
so a number of investigators have turned to simpler xri vi tro 
experimental models for studying drug metabolism and toxicity. 
In particular, isolated and cultured hepatocytes have been 
increasingly used over the past ten years. Most of the studies 
have been carried out with rodent cells and the results of these 
have been extrapolated to humans. However, in view of the 
qualitative and quantitative interspecies differences which 
commonly exist in hepatic metabolism of xenobiotics, the validity 
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of such extrapolation is open to question 
Most of the studies have been performed on rat hepatocytes. 
In conventional culture conditions these cells usually survive 
for 1 - 3 weeks (Bissel, 1980; Guguen-GuiI 1 ouzo, et.al., 1983), 
but a number of studies have shown that their total cytochrome P-
450 rapidly declines. The level is significantly altered within 
a few hours and is not more than 10 to 407. of the initial value 
after 24 to 48 hours of culture (Evarts, et.al., 1984; Fahl, 
1979; Lake, et.al., 1982). The loss of cytochrome P-450 can be 
temporarily prevented by supplementing the culture medium with a 
variety of compounds, such as hormones, ligands & heme 
precursors. A mixture of hormones and nutrients including 
hydrocortisone, estradiol, testosterone, insulin, thyroxine and 
fatty acj^s delays cyt P-450 loss for 24 or 48 hr. (Decad, 
et.al.. 1987; Dickens, et.al., 1980). Paine et.al. 1979,77 
demonstrated that nicotinamide, isonicotinamide, metyrapone 
(Lake, et.al., 1982) or methionine in a cysteine-free medium 
(Paine, et.al., 1980) promoted cyt P-450 maintenance. 
Dexamethasone (Micha 1opou1os, et.al., 1975), adrenal 
corticosteroids (Micha 1opou1os, et.al., 1976), ascorbic acid 
(Bissel, et.al., 1979), 5-amino1aevu1 inic acid (Decad, et.al., 
1977) and glycerol or fructose (Gwynn, et.al., 1979) are also 
capable of slowing down the decline in the level of cyt P-450. 
Maintenance is not improved by the presence of serum or insulin 
(Fahl, et.al., 1979). Micha 1opou1os et.al. (1975) measured the 
level of cyt-P-450 comparatively in rat hepatocytes cultured on 
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collagen-coated plates, floating collagen gels and on human 
fibroblasts. They found that cyt P-450 was better maintained in 
cells cultured on human fibroblasts and on collagen gels than in 
cells cultured on collagen-coated plates. Recently Begue el.al. 
(1974) showed that the cytochrome P-450 level remained relatively 
stable for atleast 10 days in adult rat hepatocytes co-cultured 
with another liver cell type. Various inducers (e.g.selenium) 
may increase the level of cyt-P450 and/or several monooxygenase 
enzyme activities in cultured adult rat hepatocytes. Maximum 
induction is usually observed following addition of the inducer 
to 2 or 3 day cultures, the cells being relatively unresponsive 
during first 24 hrs after attachment (Lake, et.al., 17B3). Some 
drugs induced a spectrum of cyt P-450 forms different from that 
induced ij[i vi vo. Fetal forms are preferentially induced in 
vitro. This is the case with phenobarbital (Fahl, et.al, 1979; 
Lake. et.al., 1980), although as observed in_ vivo this compound 
stimulates proliferation of the smooth endoplasmic reticulum in 
culture. In contrast, other drugs appear to retain the capacity 
to induce specific forms of cyt P-450. Guzelians group was the 
first to demonstrate de novo synthesis of specific forms of 
cytochrome P-450 after addition of pregnenolone 16-alpha 
carbonitrile (PCN) & phenobarbita1 (PB) to nonpro1ifera ting rat 
hepatocytes cultured in a serum free medium. However, the cells 
contained a lower concentration of total cyt P-450 than do 
freshly isolated counterparts (Morin, et.al., 1982). Thus despite 
a number of attempts, satisfactory maintenance of cyt P-450 
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levels for several days without changes in the isoenzyme pattern 
?< with preservation of the differential response to inducers of 
these enzymes has not yet been achieved in rodent hepatocyte 
cultures. Indeed hepatocytes tend towards a more fetal like 
state & even when normal values of cyt P-450 could be maintained 
for some days, alteration in drug metabolizing enzyme activities 
were observed, suggesting that key regulatory factors remain to 
be elucidated. 
Plasma protein production : 
Most plasma proteins with the exception of immunoglobulins 
are produced by liver. Biochemical & morphological studies have 
clearly demonstrated that their synthesis is a relatively 
specialized function of hepatocytes (Feldman, 1979). In common 
with other export protein, liver plasma proteins are synthesized 
on bound ribosomes, then conveyed via the endoplasmic reticulum 
and Golgi apparatus towards the extracellular space (Friedman, 
et.al., 1981; Guillouzo, et.al., 1976; Peters, 1962). Most of 
them are glycosylated during their transport within the cell. 
Immunohistoehemica1 analyses suggest that there are no 
specialized hepatocytes engaged in the formation oi one or more 
plasma proteins in the normal liver. All parenchymal cells can 
be involved in the production of one or several proteins at the 
same time (Guguen-Gui11ouzo, et.al., 1983; Guillouzo, et.al., 
1976; Keiji, et.al., 1978; L P Rumeur, et.al., 1981). However, 
when the synthesis of some proteins is increased under certain 
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conditions, thi5 increase may not be observed simultaneously in 
all of thp cells. Thius, during acute phase response following 
injection of inflammatory compounds perilobular hepatocytes are 
the first to exhibit an increased production of acute phase 
proteins (Billiau, 1986). 
Hepatocytes continue to synthesize & secrete plasma 
proteins after isolation, but usually synthesis rates decrease 
more or less abruptly within a few days of culture. However, 
these rates a.re dependent on the protein tested, culture 
conditions and species. Thus while albumin production rapidly 
declines in adult rat hepatocyte cultures, it increases during 
the first 6-8 days before declining in cultures of adult human 
hepatocytes (Clement, et.al., 1984; Guguen-Gui11 ouzo, et.al., 
1983). To determine whether all parenchymal cells can synthesize 
proteins at the same rate, albumin production has been measured 
in diploid & tetraploid hepatocyte subpopulations separated by 
elutriation. Le Rumeur et.al. (1981,83) reported that in both 
suspension and short term culture diploid cells secreted two fold 
less albumin than tetraploid cells. 
INFLUENCE OF EXPERIMENTAL CONDITIONS ON THE RATE OF PROTEIN 
SYNTHESIS : 
Environmental factors can greatly influence the rate of 
protein synthesis. Freshly isolated cells incubated in a medium 
enriched with vitamins, hormones and serum produce albumin at a 
rate 40 to 80 7. of the ij2 vivo rate of 3 ug/hr/iO cells 
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(Crane, et.al., 1974; Feldhoff, et.al., 1977; Jeejeebhoy, et.al., 
1975). However, when calculating the amount of secreted proteins 
per cell it is important to take into account i£]_ vivo 
pretreatment & the age of the animals. Albumin synthesis 
decreases with age in hepatocytes obtained from 3 to 24 month old 
rats & increases sharply in cells isolated from older animals 
(Van Bezooijen, et.al., 1976). 
Influence of the medium : 
Freshly isolated hepatocytes incubated in an amino acid free 
medium, are in a strongly negative nitrogen balance due to the 
rate of protein synthesis which is 10 times lower than that of 
protein degradation (Seglen, 1977). This situation is 
maintained throughout the first 24 hours of culture in a medium 
without proteins but supplemented with amino acid concentration 
approximating normal plasma levels (Schwarze, et.al,, 1980). 
However, later on. degradation of proteins gradually diminished, 
resulting in a strongly reduced loss of protein (47. / h to 17. / 
h). This was not correlated to protein synthesis, the rate of 
which also decreased to a lesser extent. A balanced mixture of 
amino acids could maintain hepatocytes in a protein anabolic 
state, while when added individually, these amino acid had 
various effects on protein synthesis, some being stimulatory, 
some inhibitory. These studies indicate that protein synthesis 
rate in cultured hepatocytes depends upon the level of endogenous 
amino acid generated primarily by the lysosomal pathway 
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particularly when the level of exogenous amino acids is low. 
Other studies have underlined the influence of certain hormones 
upon the protein synthesis rate. Thus insulin & glucagon can 
affect lysosomal protein degradation, the levels depending on the 
concentration of amino acids. Insulin at low and high 
concentrations inhibits only slightly protein degradation but is 
much more effective at intermediate concentration (Poll, et.al., 
1981). Since the hormone was used at extraphysiological 
concentrations, it is possible that the responses seen were 
not specific (Crane, et.al., 1983). Stimulation of protein 
degradation by glucagon is also strongly amino acid dependent & 
15 largely reduced when optimal levels of amino acids are present 
(Poll, et.al . , 1981 ) . 
The importance of amino acid levels & hormones in protein 
synthesis has also been demonstrated by analysing polyribosome 
profiles. Dickson & Pogson (1980) reported that 10 x normal 
rat plasma levels of amino acids had to be added to the perfusate 
for isolating polyribosomes in the aggregated state. Following 
cell isolation, disaggregation is constantly observed 
(Stanchfleld, et.al., 1979; Tanaka, et.al., 1978) whatever the 
composition of the medium (presence or absence of serum & amino 
acids) & the support (plastic or collagen). Insulin, which 
favours protein synthesis prevented extensive disaggregation of 
polysomes (Stanchfle1d, et.al., 1979). 
Influence of support : 
When hepotocytes are cultured on natural substrates, their 
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survival and certain functions arB improved. Such substrates 
include rat tail collagen, fibronectin, connective liver tissue 
biomatrix and the extracellular material secreted by bovine 
corneal endottielial cells. On these substrates plating 
efficiency is higher and cell spreading is often more rapid than 
on plastic (Guguen-Gui11 ouzo, et.al., 1982). Hepatocytes 
cultured on these substrata continue to secrete plasma proteins 
but at a low rate (Guguen-Gui11 ouzo, et.al., 1982; Michalopoulos, 
et.al., 1975; Rojkind, et.al., 1980). Moreover, the synthesis 
rate was found to drop earlier in cells which showed more rapid 
spreading than on plastic (Guguen-Gui1louzo, et.al., 1982). In 
contrast, parenchymal cells which were cultured on floating 
collagen, retained a cuboidal morphology and secreted higher 
amounts of a 1bumin,transferrin and -acid glycoprotein (Sirica, 
et.al., 1979). 
Influence of other cells : 
Hepatocytes plated onto feeder cells such as 3H/10 Tl/2 
mouse embryo cells (Langenbach, et.al., 1979) or normal human 
fibroblasts (Michalopoulos, et.al., 1979) also survive longer 
and, as on organic substrata , exhibit rapid phenotypic changes 
resulting in a strong decrease in the level of their specific 
functions. In contrast, when co-cultured with rat liver 
epithelial cells, parenchymal cells were found not only to 
survive for several weeks but also to express various specific 
functions at high levels. These functions included production of 
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various plasma proteins such as albumin (Clement, et.al., 1984; 
Guquen-Gui11 ouzo, et.al., 1983), haptoglobin and hemopexin 
(Guillouzo, et.al., 1984). Active production of plasma proteins 
was maintained for several weeks even in a serum free medium. 
Atleast during the first few weeks, albumin was detected in all 
the hepatocytes, mainly in structure corresponding to Golgi 
complexes located near the bile canaliculi with the 
immunoperoxidase method. This indicates that in this system 
hepatocytes remain polarized (Clement, et.al., 1984). 
C) TRANSCRIPTIONAL REGULATION OF ACUTE PHASE PLASMA PROTEIN 
GENE : 
The increased concentration of mRNA for acute phase 
reactants in the liver as well as in tissue culture cells has 
been correlated with elevated transcription rates of the 
respective genes (Birch, et.al., 1986; Gehring, et.al., 1987; 
Goldberger, et.al., 1987; Kulkarni, et.al,, 1985), As a first 
step toward identification of the acting regulatory element which 
receives the hormonal signals & enhances the transcription, the 
complete structural genes for several acute phase proteins have 
been isolated and tested for correct expression either in 
hormone-sensitive tissue culture cells or in animals, IL-1 
specific regulation was achieved with complement factor 5^ gene 
in mouse fibroblasts (L Cells) (Perlmutter, et.al., 1985,86), 
The same cell line stably transformed or transiently transfected 
with the rat AGP gene showed glucocorticoid and IL-1 specific 
expression of the rat protein (Baumann, et,al., 1986; Gauldie, 
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et.al., 1985; Reinke, et.al., 1985). The acute phase 
indueibi1ity of the isolated genomic sequences containing human 
AGP (Dente, et.al., 1988) & CRP genes (Cilberto, et.ai., 1987) 
was, however, demonstrated in transgenic mice. 
With the evidence that the isolated genes contain the 
information for hormone - or acute phase specific expression, 
segments of the gene, & in particular the 5 - flanking regions, 
were assayed for the transcription enchancer functions. Potential 
regulatory sequence of the acute phase gene were linked either 
to its own or to a heterologous promoter, which in turn 
controlled the expression of the indicator gene encoding the 
bacterial enzyme, chloramphenicol acetyl transferase (Arcone, 
et.al., 1988; Morrone, et.al., 1988; Prowse, et.al., 1988). DNA 
containing those components was transfected into L-cells, Hep3 B, 
or Hep G2 cells. The latter two cell lines proved to be major 
assets for such transient expression assays, not only because of 
their broad hormone responsiveness and liver specific gene 
expression, but also because of the much higher uptake efficiency 
for foreign DNA than observed in other i.e. rat hepatoma cells 
(Prowse, et.al., 1988; Guertin, et.al., 1988; Klein, et.al., 
1987). The sequence of the rat AGP gene that is responsive to 
glucocorticoids could be localized to the region spanning 
positions -120 to -64 relative to transcription start site 
(Prowse, et.al., 1988; Baumann, et.al., 1986), whereas the 
sequence responsive to IL-1/IL-6/HSF was confined to the region 
at -5300 to -5150 (termed distal regulatory element, DRE) 
41 
(ProwBc, et.al., 1988). These two enhancer elements, when 
combinpd within an cpypression vector and tested in HepG2 cells, 
display regulatory properties which qualitatively fully account 
for the? regulated expression of the AGP gene observed in rat 
hepatocytes and hepatoma cells (Baumann, et.al., 1989). Moreover, 
the hormone specificity of the plasmid DNA regulated in HepG2 
cells was very similar to that of the endogenous human AGP gene 
(Baumann, et.al., 1989; Prowse, et.al., 1988). 
The rather distant 5 location of the cytokine response 
element in the rat AGP gene is unusual. With essentially the 
same molecular technique as described for the rat AGP gene, but 
using Hep3B cells for testing the gene constructs, IL-6 
responsive enhancer elements of the genes were localized for 
haptoglobin ( -153 to -98) (Oliviero, et.al., 1987), CRP (-121 
to -50) (Arcone, et.al., 1988), & complement factor B (within 500 
bp upstream) (horrone, et.al., 1988; Wu, et.al., 1987). Whether 
these elements are also responsive to IL-1 or HSF has not yet 
been reported. Different results were obtained with the human 
AGP gene (Deal, et.al., 1979). Although the AGP-A gene, 
including 1.2 Kb 5 & 2 Kb 3 flanking regions, indicated tissue 
& inflammation specific expression in transgenic mice, the same 
gene sequence when introduced into tissue culture cells was 
expressed nonspecifica11y. The inability to reproduce the 
correct expression & regulation of the gene in tissue culture 
may be due to difference in regulatory mechanisms operating 
cultured cells when compared to mouse liver. Indeed, as 
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di5cu5=5ed above, none of the available hepatoma cells has 
retained the full spectrum of biological responses of normal 
hepatocytes. It might very well be that, in transfected cells, 
the human AGP gene, which had been amplified in a bacterial 
system, is controlled differently from the trans-gene in liver 
cells after it had been passed atleast once through a meiotic 
cycle of the mouse (Jaenisch, et.al., 1984; Reik, et.al., 1987). 
Despite this caveat, the successful applications of hepatoma 
cells promises that those cell systems will be important assets 
in identification of the relevant, cytokine responsive elements 
in other genes encoding major acute phase proteins, e.g., rat 
alpha-2 macrog1obu1 in (Gehring, et.al., 1987), thiostatin (Fung, 
et.al., 1987; Kageyama, et.al., 1985), or mouse SAA (Lowell, 
et.al., 1986; Yamamoto, et.al., 1986). 
The immediate future goals towards an understanding of the 
molecular processes of hepatic acute phase are : a) to define the 
minimal enhance sequences in the various acute phase protein 
genes, b) to identify the nuclear proteins specifically 
interacting with these sequences. Once these goals are 
accomplished the function of enhancer binding proteins as trans-
acting transcription-regulating factors has to be demonstrated. 
The biochemical characterization of the recognized trans-acting 
components will be crucial in establishing the mode by which its 
function is regulated during acute phase. These findings might 
provide a lead to the nature of the unknown intracellular 
signals generated by the cytokine receptor at the cell surface 
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and communicated to the reguJated acute phase protein gene. 
ThF're i5 a paucity of comprehensive studies on the acute 
phase protein response during parasitic infections. This should 
be remedied for two reasons. First, as there is a limited number 
of cytokines with hepatocyte stimulating activities, and as each 
one elicits an unique spectrum of protein changes, examination of 
the APP response during infection could provide insight into the 
cytokines involved. Second, the presence of IL-1, IL-6 and TNF, 
the mediators of the APR, in tissues and circulation have 
important implications for subsequent immune responses. 
In view of the need to gain information on different facets 
of acute phase reaction during parasitic infection, we decided to 
investigate changes in liver metabolism and accompanying change 
in acute phase proteins as well as negative acute phase proteins 
during malarial and filarial infections as summarised in this 
d issertation . 
* MATERIALS AND METHODS « 
^ ^ "r ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ T ^ ^ ^ ^ 
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All the chemicals and biologicals used in the study were of 
known purity and were obtained from reputed manufacturers as 
1isted bo 1ow : 
Chemicals/Biological 5 
Acrylamide , Agarose 
Amido black 10 B 
Ammonuim Persulfate 
Beta-mercaptoethanol 
Bisacrylamide 
l,4-bi5 (5-Phenyloxazoly1 benzene 
(POPOP) 
Bovine serum albumin 
Co 11agen, Type I 
Collagenase Type VI 
Coomassie brilliant blue 
DEAE-Cellulose (DE-52) 
Dexamethasone 
2,5-Diphenyloxazole (PPO) 
Ethylene diamine tetraacetic acid 
(EDTA) 
Epidermal growth factor (EGF) 
Fetal bovine serum 
Fibronec tin 
Freund•s complete adjuvant 
Freund•s incomplete adjuvant 
Gen tamic in 
Glue agon 
G1ucose 
Source 
SRL, Bombay, India 
E.Merck, Dermstadt, Germany 
SRL, Bombay, India 
Sigma Chem.Co., USA 
SRL, Bombay, India 
SRL, Bombay, India 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
SRL, Bombay, India 
Sigma Chem. Co., U.S.A. 
SRL, Bombay, India 
SRL, Bombay, India 
SRL, Bombay, India 
Sigma Chem. Co., USA 
Gibco, USA 
Sigma Chem. Co., USA 
Difco, England 
Difco, England 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
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Glucose oxidase 
GIycine 
G1ycogen 
HEPES 
Insu1 in 
Leibovitz~15 (L-15) medium 
I'lC-Leuc ine 
Lysozyme 
'3S"s-nethionine 
Myosin. (H Chain) 
Nicotinamide adenine dinucleotide 
phosphate (Reduced) sodium salt 
Oxaloacetic acid (sodium salt) 
Penicillin - streptomycin 
Phosphory1ase b 
Polyethylene glycol-6000 
Poly-1-1ysine 
Pyruvic acid (sodium salt) 
RPMI-1640 
Selenium (sodium salt) 
Sodium dodecyl sulfate 
Sue rose 
N,N,N',N' -Tetramethyl ethylene 
diamine (TEMED) 
Thyr oxine 
Trichloro acetic acid (TCA) 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
Gibco, USA 
Bhabha Atomic Research Centre 
Bombay, India 
Bethesda Res.Lab.,Gaither-
sburg, Maryland, USA 
Amersham, England 
Bethesda Res.Lab.,Gaither-
sburg, Maryland, USA 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
Gibco, USA 
Sigma Chem. Co., USA 
Sigma Chem, Co., USA 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
Gibco, USA 
Sigma Chem. Co., USA 
Sigma Chem. Co., USA 
SRL, Bombay, India 
Eastman, Kodak, Rochester, 
N.Y. USA 
Sigma Chem.Co., USA 
SRL, Bombay, India 
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Tris-(Hydroxymethy1) amino- : SRL, Bombay, India 
methane (Tris) 
X-ray film : CDRI Animal House, India 
All other chemicals and biologicals used in the present study 
were of AR grade. 
EXPERIMENTAL ANIMALS 
Sprague Dawley strain of albino rats were drawn from the 
Central Drug Research Institute (CDRI) Animal Colony. The 
animals were maintained in air conditioned quarters and fed with 
standard pellet diet (Hind Lever, Bombay) as well as with water 
ad 1ibi turn throughout the experiments. Albino rabbits (New 
Zealand strain) and mastomys (Mastomys natalensis) of either sex, 
weighing 40 -50 grams were also drawn from the CDRI animal house 
colony. For f ilarial studies, M_^  natalensis with A_^  vi teae 
infection having 40 - 50 mf/5 cmm of blood after nembutal 
anaesthesia (40 mg/kg) was used as donar for infecting ticks. 
PARASITES : Plasmodium berghei ; Acanthochaelonema viteae 
INDUCTION OF EXPERIMENTAL MALARIA 
The blood forms of P_^  berghei were maintained in normal 
n. natalensis by passage of infected blood from the donor 
infected animals after developing a patent infection. The 
parasitined blood was drawn from the ocular vein in 3.8'/. sodium 
citrate solution. Red blood cells were counted using 
haemocytometer 8< a suitable aliquot of inoculum containing 1 x 10' 
parasitized erythrocytes per ml blood were administered 
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intrapentonea1ly into the healthy animals. A parallel batch of 
healthy animals were used as controls. 
Degree of parasitaemia was evaluated by staining a thin 
smear of infected blood with Giemsa stain. Parasitized red blood 
cells were counted under oil immersion lens m 50 different 
microscopic fields. Percent parasitaemia was calculated from 
the ratio .'of parasitized red blood cells to normal red cells in 
50 different microscopic fields. 
INDUCTION OF EXPERIMENTAL FILARIASIS 
Mastomys were inoculated subcutaneously with about 100 
infective larvae (L3) previously maintai'ned in ticks. The tail 
blood of exposed animals was examined on 50th day from initial 
exposure for detection of microfilariae in the peripheral blood. 
For blood examination, 5 cmm of tail blood was drawn from the 
tail of anaesthesized mastomys, spread into a thick smear on a 
glass slide, dried, dehaemog1obinized with distilled water and 
then fixed and stained with 0.15 7. Leishman s stain for 20 
minutes in the usual way. Blood was examined thereafter for 
microfilariae at weekly intervals. 
INDUCTION OF INFLAMMATION : 
An acute inflammation was induced in rats and mastomys by a 
subcutaneous injection of sterile turpentine oil (0.5 ml/100 gm 
body wt.). After 48 h, the rats and mastomys were anaesthesized 
with ether, a laparotomy was performed and blood samples were 
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taken from the abdominal aorta with heparinized syringes. After 
standing for 2 h at room temperature, the serum was separated by 
centr1fugation at 3000 g for 20 min and the aliquots were stored 
at -2o''c. 
TISSUE COLLECTION 
The normal and infected animals at three stages (10-15 */. , 
35-407. & 55-607.) of erythrocytic P_^  berqhei infection were 
anaesthesized, under light ether anaesthesia and sacrificed. 
Their livers were immediately excised, homogenized in 0.24 M 
sucrose and frozen at -20"C. For glycogen estimation small 
pieces in preweighed sugar tubes were digested m 2 ml of KOH (30 
7. w / V ) . 
For lipid peroxide, total lipid and glycogen estimation all 
the animals were fasted for 10 - 12 h before sacrificing them. 
WET & DRY WEIGHT OF LIVER 
Wet Weight 
The whole liver was taken out from normal and infected 
animals at three different stages of malarial parasitaemia (as 
described earlier), blotted dry on filter paper and weighed 
quic k 1y. 
Dry Weight 
The livers from the above animals were dried at 50 C to a 
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constant weight and then dry tissue weight recorded 
PREPARATION OF SERUM 
The blood from normal and infected animals at three 
different stages of parasitaemia was collected either through 
portal or ocular vein in clean and dry tubes. It was kept at 
room temperature for 30 - 60 min, then at 37 C for 30 min. 
Finally, it was kept in cold (4 C) overnight. Next day it was 
centrifuged at 4,000 rpm for 20 min. The clear serum 
(supernatant) was transferred to small vials and stored at -20 C. 
PREPARATION OF HOMOGENATE 
10'/. homogenate (w/v) of fresh livers was prepared in a 
chilled Potter Elvehjem homogenizer under cold conditions using 
prechilled homogenizing medium (0.24 M sucrose). The resulting 
homogenate was then filtered through cotton gauze, diluted 
sufficiently, and used for enzyme assays and other estimations. 
PREPARATION OF HEPATOCYTES : 
Parenchymal cells (hepatocytes) were prepared from livers of 
the following animals by enzymatic dissociation with collagenase 
essentially according to modified procedure of Seg1 en : 
1. normal mastomys 
ii. turpentine treated mastomys 
111. mastomys with patent stage of A^ viteae infection & 
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IV. mastomys with P^ berqhei infection at high parasitaemia 
( > 4f) •'.) . 
The method presently used in our laboratory 15 based on that 
of Seglen (1976). All operations were carried out under sterile 
conditions. Mastomys weighing 40 - 55 grams were anaesthetized 
with nembutal, (50 mg/kg body wt) by an intraperitoneal injection 
and a cannula was introduced into the venous circulation via 
portal vein (a cut is made in the lower vena cava to permit free 
outflow) . Liver was perfused in_ situ using a peristaltic pump 
2.4- •2JL 
with two solutions. The first solution, a Ca. & fig - free 
HEPES buffer pH 7.65 containing 160.8 mM NaCl, 7 mfl KC1 , 0.7 mM 
Na2HP04. 12H2.0 & 10 mM HEPES, was perfused through the liver at 
37 C and at a flow rate of 30 ml/min for 3-5 minutes to remove 
blood and plasma components and to mtiate the cleavage of the 
desmosomes between liver cells. The perfusion is then switched 
over to the collagenase buffer (pH 7.4) containing : 100 mM 
HEPES, 70 mM Mac 1 ,7 mM KCl, 5 mM CaCl^., 0.04 g/iOO ml collagenase 
and 10 mM glucose, for another 3-5 min at the same flow rate. 
Immediately after perfusing the liver with collagenase buffer, 
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the pei-fusion medium was switched over to warm (37 C) washing 
buffer (pH 7.4) containing : 100 mM HEPES, 0.14 M NaCl, 0.5 M 
KCl, 1 mM EDTA, 10 mM glucose, 10 7. foetal bovine serum, 100,000 
units of penicillin and 200 mg streptomycin/11tre at the same 
flow rate for 3-5 min. The liver was excised, transferred to a 
petri dish and cells were dissociated in washing buffer by 
teasing gently with a stainless steel comb. The cells were 
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dissociated further by pipetting several times, filtered through 
nylon mesh and washed with Dulbecco's modified essential medium 
(DNEM) well supplemented with 10 mM glucose, 107. heat inactivated 
foetal bovine serum, 100,000 units penicillin and 200 mg 
streptomycin/1itre. Finally, the cells were suspended in DMEM 
(supplemented as described earlier) and kept in plastic petri 
dishes (60 mm. Flow Lab, U.K.). These cells were incubated at 37 
"C in a water jacketed C02,- incubator (57. COZ : 957. air). 
The cell yield per liver was observed to be 5 - 6 ml packed 
volume/1iver. The viability of the hepatocyte was checked by 0.2 
'/. trypan blue dye pxriusion according to the procedure of Seglen 
et.al. (1976). More than 807. cells were observed to be viable. 
CULTURE CONDITIONS 
Hepatocytes were cultured in DMEM supplemented with 
penicillin at 100 units/ml and streptomycin at 100 ^g/ml. This 
medium was supplemented with 107. foetal bovine serum and 
designated serum supplemented medium, or with a defined mixture 
of trace elements, hormones and growth factors in addition to 
DMSO to produce synthetic medium (Table 5 ) . Serum free as well 
as leucine and methionine free synthetic media were used for 
studies involving protein syntheses. 
IMMUNOLOGICAL METHODS 
PREPARATION OF ANTI NORMAL MASTOMYS SERUM ALBUMIN : 
Normal mastomys serum albumin was purified by polyethylene 
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glycol precipitation method followed by diethyl amino-ethyl 
(DEAE) - cellulose chromatography according to the procedure of 
Jimenez et.al. (1974). 
Four subcutaneous injections of 2,4, 4 & 6 mg of the 
purified mastomys serum albumin in 1.0 ml of normal saline mixed 
with equal volume of complete Freund's adjuvant were administered 
to the rabbit subcutaneously at a one week interval. Then, three 
booster doses of 6 mg each were administered to the animals 
intramuscularly. Finally they were bled on the 10th day after 
the last injection when the antibody titre was optimal. 
PREPARATION OF ANTISERA AGAINST NORMAL AND ACUTE PHASE SERA : 
Antibodies against normal and acute phase sera (from animals 
treated with turpentine oil at optimal response) from rats and 
mastomys were raised in rabbits and a standard protocol was 
followed for immunization. First•injection of antigen was in 
Freund's complete adjuvant (e.g., 150 \il sera in 300 fjl 
phosphate buffered saline and 500 pi adjuvant). Three to five 
injections of antigens in Freund's incomplete adjuvant followed 
at 2 week intervals. Test bleeding was carried out 10 days after 
each injection and the titre and specificity of antibodies were 
determined by crossed Immunoelectrophoresis. Collection of 24-30 
ml of rabbit immune serum began 10 days after the final antigen 
injection. After a two month period, booster injection of 
antigen was administered. The immune sera showing optimal titre 
and specificity were combined and stored frozen in aliquots at 
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-20° C, 
CROSSED IMMUNOELECTROPHORESIS (CIE) : 
Separation of antigenic proteins present as complex mixture 
in serum was carried out by crossed immuno electrophoresis (CIE) 
according to Emmet et.a 1.(1984). All immuno electrophoretic 
steps were carried out in 17. agarose gels. The electrophoresis 
buffer for CIE of serum was 30 mM barbital-HCl, pH 8.5. The 
electrophoretic gels were cast onto glass plates and wells were 
prepared depending upon the sample volume. The serum to be 
separated was diluted 10 fold with electrophoresis buffer and 10 
lul of the diluted sample was applied into the sample well. First 
dimension electrophoresis was carried out at 5 v/cm for 3.5 h 
After the first run, the section of agarose not utilized for 
separation of the sample was cut with a razor blade from the lane 
containing the protein sample and was removed. The second 
dimension gel was prepared in a tube by mixing 27. agarose 
solution at 45*C with the required amount of antiserum in 1:1 
ratio. The antibody containing agarose solution was cast next to 
the first dimension gel lane. Electrophoresis into antibody 
containing second dimension gel was performed at 2-4 V/cm for 16-
20 h at right angle to the first dimension. After the run, the 
gels were washed at room temperature with shaking in 250 ml PBS 
for 2 h. After rinsing with distilled water, the gel was dried 
and stained for 2 - ' 3 min with amido black, followed by 
destaining in methanol and acetic acid as described earlier. 
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Splenocytes preparation : 
Single cell suspensions were prepared from the spleens of 
normal as well as A_^  viteae (patent stage) 8< P^ ^ berqhei (at >407. 
parasitaemia) infected mastomys. The tissues were teased with the 
help of toothed forceps & filtered through nytex membrane to 
remove the large particles from the cell suspension. Cells were 
suspended in RPMI-1640 containing 1 , -'-•-' i__..^  - -. • i.^  x lo 
M NH^ CI to lyse the erythrocytes and washed thrice with RPMI-
1640. Cell viability was determined by dye exclusion with trypan 
blue. Finally the cells were counted by hemocytometer and 
resucpended to an appropriate cell concentration in complete 
culture medium. 
PRODUCTION OF CONDITIONED MEDIUM FOR IN VITRO PROTEIN SYNTHESIS z 
Lymphocytes blastogenesis, induced by mitogen or due to 
parasitic infections was performed in 96 well culture plates. 
5 X 10 splenocytes were cultured in triplicate in flat bottom 96 
well culture plates in 200 u 1 of RPMI-1640 containing 107. foetal 
bovine serum, and 5 x 10 M 2-mercaptoethanol. Splenocytes from 
normal mastomys received 5 pg/ml ConA. The culture plates were 
incubated for 72 h at 3?"C after which the supernatant was 
collected, subdivided, and frozen at -20'C. 
BIOCHEMICAL ANALYSIS : 
Total protein : 
The protein content was measured in whole homogenate of 
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normal and infected liver according to the method described by 
Lowry et.al, (1951). 
Lipid peroxide : 
All the control and the experimental animals were pasted 12 
h before the experiment was started (overnight). Liver 
homogenate was prepared after perfusion of liver with saline and 
the estimation of lipid peroxide in the homogenate was carried 
out according to the method of Utley, et.al., (1967). The level 
of lipid peroxides was expressed as n moles of malonyIdialdehyde/ 
gm wet liver weight. 
Total lipid : 
All the animals were fasted*as described earlier. The lipid 
from liver homogenate was extracted and estimated according to 
the procedure of Folch et.al,(1957). The concentration of lipid 
was expressed as mg/gm fresh liver weight. 
Total carbohydrate : 
Acid hydrolysis of the homogenate was carried out for the 
estimation of glucose and carbohydrate and the amount of total 
carbohydrate was estimated according to the method of Montgomery 
(1957). 
Total glucose ; 
Total glucose was estimated by glucose oxidase method of 
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Bergmeyer & Benut (1946). 
Total cholesterol : 
Total cholesterol was estimated according to the procedure 
of Wybenga et.al.(1970). 
Total glycogen : 
Total glycogen was measured according to the procedure 
described by Montgomery et.al. (1957). 
Oxygen uptake measurement : 
Integrity of the hepatocyte plasma membrane was determined 
by measuring the micromoles of oxygen consumed by the cells using 
Gilson's oxygraph with sensitivity fixed at 160 units and a chart 
speed of 0.1 mm/second. 
ENZYME ASSAYS 
Transaminases : Liver glutamic pyruvate transaminase (GPT) and 
glutamic oxaloacetic transaminase (GOT) and serum GPT & GOT 
levels were determined according to Leitman & Frankel (1957). 
The activity was determined in terms of micromoles of the 
ketoacid formed/min/gram tissue protein using sodium pyruvate as 
a standard. 
Assay of Aryl hydrocarbon hydroxylase & Glutathione-S-
transferase; 
Assay of aryl hydrocarbon hydroxylase (AHH) during different 
57 
stages of A^ viteae infection was carried out according to Dehner 
W. et.al. (1973) and the activity was expressed in terms of 
fluorescence units/mg protein/min. 
Glutathione-s-transferase (GST) activity was measured 
according to the procedure described by Habig W.H. et.al. (1974). 
The activity was expressed as umoles of CDNB conjugated/min/mg 
protein. 
Cytochrome P-450 
Cytochrome P-450 levels were assayed in the microsomal 
fractions of the cultured hepatocytes as well as during 
different stages (i.e., prepatent, patent & latent) of A^ viteae 
infections according to the method of Omura & Sato (1964). The 
amount of cytochrome P-450 was calculated from the difference in 
the absorbance (500 - 400 nm) and the molar extinction 
coefficient of 91 cm"' mPT at 450 nm. Microsomal protein content 
was measured by the method of Lowry et.al.(1951). 
SYNTHESIS * SECRETION OF ALBUMIN BY HEPATOCYTES IN CULTURE : 
'^C-leucine incorporation (3 juCi/ml) into newly synthesized 
and secreted albumin by hepatocytes in culture was followed by 
immunoprecipitation of labeled albumin in leucine free culture 
medium (synethsis & secretion). Aliquots of 100,000 g cell free 
supernatant and culture medium were mixed with 100 iul of normal 
rat serum (1 : 10 dilution) to provide optimal carrier for the 
immunoprecipitation of the labeled medium. Albumin was then 
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precipitated by addition of 0.5 ml of rabbit antimastomys serum 
albumin, & the mixture was incubated at 37*^0 for 1 h & at 4 *C 
overnight for proper precipitation. The immuno precipitate was 
collected by centrifugation at 4,000 rpm for 15 min in cold 
centrifuge. The immunoprecipitates thus obtained were washed 
several times with PBS containing 0.17. leucine (PBS-leucine) to 
remove nonspecific adsorption of ''''C-leucine. Finally the 
immunoprecipitates were dissolved in 0.4 ml of 0.1 N NaOH. 
Radioactivity was determined in 0.2 ml of aliquots in a Tricarb 
Liquid Scintillation Counter (Packard Model 3330). 
Total intracellular protein synethesis (in 100,000 g cell 
free supernatant) and secretion (in culture medium) was 
determined by following the incorporation of '+C-leucine (3 
pCi/ml) into 107. TCA precipitable fractions. Aliquots of cell 
free supernatant and culture medium (0.5 ml each), were mixed 
with 100 ml of normal rat serum (diluted 10 times) to provide 
carrier proteins and the proteins were precipitated by the 
addition of 0.6 ml of 107. TCA. The mixture was shaken thoroughly 
and then allowed to stand at 4°C for 3 h. The ppt was collected 
by centrifugation at 4,000 rpm for 15 min, then washed several 
times with 57. cold TCA containing 0.1 7. leucine and finally 
dissolved in 0.4 ml of O.i N NaOH. Radioactivity was determined 
in 0.2 ml aliquots in a liquid scintillation counter. 
SYNTHESIS OF ACUTE PHASE PROTEINS BY HEPATOCYTES IN CULTURE : 
In order to determine the pattern of proteins synthesized by 
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the cultured hepatocytes isolated from the livers of normal and 
turpentine treated (24 h post inflammation) mastomys as well as 
mastomys infected with P^ berqhei ( >407. parasitamia) and ft. 
viteae (patent stage), the cells ( 1 x 10^) were placed onto 
poly-l-lysine coated 24 well cluster plates in DMEM containing 
10"/. heat inactivated foetal bovine serum, 50 U/ml penicillin, 50 
fjg/ml streptomycin, 0.2 7. BSA and 10 mol/L insulin. After 2 h, 
the adherent cells were washed once with methionine and serum-
free hormone supplemented DMEM ( 10 mol/L of dexamethasone and 
insulin) and labeled for 12 h in 0.5 ml of the above medium 
containing 20 pCiC'~S] methionine. At the end of the labelling 
period, the plates were immediately placed over ice, and the 
culture medium was removed. The cells were rinsed in phosphate 
buffered saline and homogenized in 0.1 7. SDS. To the homogenate, 
1.5 ml of 307. trichloroacetic acid (TCA) was added and the 
mixture was placed in an ice bath for 2 h. After two more 
washings with 0.5 7. TCA, the ppt was dissolved in 0.1 7. SDS and 
the radioactivity was determined in 10 ul of aliquots in a 
Tricarb Liquid Scintillation Counter. Equal amounts of 
radioactivity were analyzed by discontinuous (7.5 - 12.5 7.) SDS 
gradient PAGE (Laemmli, 1970). 'Gels were fluorographed according 
to Bonner and Lasky (1974). 
FLUOROGRAPHY OF ELECTROPHORETIC GEL 
Immediately after electrophoresis, the gels were treated as 
follows (with gentle shaking) : 
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Step-1 : The gels were suspended in about 20 times its volume of 
dimethyl sulfoxide (DMSO) for 30 min followed by a 
second 30 min immersion in fresh DMSO. 
Step-2 : The gel was immersed in 4 volumes of 207. (w/w) PPO in 
DMSO (22.27. w/v) for 3 h. 
Step-3 : The gel was then washed extensively with tap water and 
the washing continued till next day. 
Step-4 : The gel was then dried in approximately one hour by 
evacuating a polythene bag containing the gel supported 
on Whatman 3 MM paper on a porous polythene pad. The 
evacuated bag was placed over a slab gel drier for one 
h at 60°C. 
5tep-5 : The dried gel was fluorographed using Indu X-ray film at 
-70°C. The density of the film image was measured using 
a Joyce-Loebl micro densitometer in order to determine 
the relative distribution of radioactivity in the 
different protein bands. 
Synthesis of acute phase proteins in_ vitro using conditioned 
medium : 
Hepatocytes were isolated from normal mastomys livers under 
sterile condtions as described earlier. Cell* (1 x 10^ ) were 
placed onto poly-1-1ysine coated 24-wel1 cluster plates in DMEM 
containing 107. heat inactivated foetal bovine serum, 50 U/ml 
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penicillin, 50 jjg/ml streptomycin, 0.27. BSA and 10 mol/L insulin. 
After 2 h incubation at Z?"C, the unattached cells were aspirated 
and fresh medium (1 ml) was added, followed by 0.2 ml of 
conditioned medium. Control cultures received 0.2 ml of 
phosphate buffered saline. The plates were incubated at 37 C 
under 57. CO2 atmosphere. After 72 h, medium was collected by 
centrifugation and stored frozen. The concentrations of normal 
and acute phase plasma proteins in the medium were determined by 
Laurel 1'5 electroimmuno-assay (1966). 
ANALYTICAL TECHNIQUES 
Double diffusion was carried out basically according to the 
method of Ouchterlony (1958). 
Concentrations of acute phase and other proteins in the 
medium were determined by Laurell's rocket immunoassay (1966). 
Analysis of the proteins on polyacrylamide gel 
electrophoresis (PAGE) was performed on 7.5 gels as described by 
Benassayag et.a 1.(1975) . 
Molecular weight of the pure protein was determined by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) in presence of B-mercaptoethanol under denaturing 
conditions according to the procedure of Laemmli (1970), using 
Myosin H chain (200,000), phosphory1ase b (97,000), BSA 
(68,000), ovalbumin (43,000) & lysozyme (14,300) as standards. 
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Determination of the pattern of serum proteins during acute 
phase response was also carried out according to the procedure of 
Laemmli (1970) using 7.57. : 107. : 12.57. :: 1:1:1 discontinuous 
SDS - PAGE. 
The gels after electrophoresis were stained with coomassie 
brilliant blue (0.257. in 77. glacial acetic acid) & destained in a 
mixture of 77. glacial acetic acid and 57. methanol, according to 
Benassayag et.al.(1975). 
* RESULTS * 
tt********* 
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Experimental erythrocytic malaria was induced in normal M. 
natalensis. Percent parasitaemia was evaluated on different days 
of infection by staining a thin smear of infected blood with 
Giemsa stain. A typical blood film stained with Giemsa stain is 
presented in figure 4. The animals were sacrificed at three 
different stages of parasitaemia i. e., 10-157., 30-357. & 55-60X. 
In blood induced infection of malaria parasite, only red 
blood cells are invaded by the merozoites and finally host 
develops parasitaemia only in the RBC. The parasite invaded both 
mature and immature erythrocytes and caused 100 7. mortality at 
60-707. parasitaemia and onwards. Infection in the present study 
was transmitted by infected erythrocytes and no tissue stages 
would develop in the liver under these experimental conditions. 
Thus whatever damage, at biochemical level, was observed in the 
liver, was mainly due to blood induced infection. 
EFFECT OF P.berghei ERYTHROCYTIC INFECTION ON GENERAL BODY WEIGHT 
AND LIVER WEIGHT OF M.natalensis : 
Body weight of P^  berqhei infected animals decreased 
continuously throughout the infection (Fig. 5 ) . Dry weight of 
liver exhibited a slight and statistically insignificant increase 
(P < 0.5) at 10-157. & 30-357. parasitaemia respectively (Fig. 6 ) . 
However, wet weight of the tissue elicited a rapid and 
significant increase (P < 0.001) of (547.), (707.) & (1107.) at 10-
157., 30-357. & 55-607. parasitaemia respectively (Fig. 6 ) . 
Figure : 4 
Infected blood film showing normal (E) & 
parasitized erythrocytes (PE). X 1400 
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Figure : 5 
Body weight of P. berghei infected 
animals at different degrees of paras 
i taemia. 
Figure : 6 
Dry & wet liver weight of P^._ berghei 
infected ri_^  natal ensis at different 
degrees of parasitaemia. 
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BIOCHEMICAL STUDIES IN VIVO : 
Effect of P.berghei infection on chemical composition of liver in 
M.natalensis : 
Different chemical constituents of liver from P_^  berqhei 
infected mastomys were analyzed after sacrificing the animals at 
10-157., 30-357. & 55-607. parasi taemia. Parallel analysis of 
normal liver was also carried out in order to obtain the control 
values. All the estimations were carried out using the liver 
homogenates. 
TOTAL PROTEIN : 
The total protein content of P_^  berqhei infected liver 
decreased continuously as a function of degree of parasitaemia. 
The decrease was observed to be of the order of (127.), (267.) & 
(407.) at 10-157., 30-357. & 55-607. parasi taemia, respectively. The 
decrease was found to be statistically significant (Table - 5). 
TOTAL LIPID : 
Total lipid content of P_^  berqhei infected liver increased 
significantly as a function of increase in the degree of parasit-
aemia. It was observed to be increased by (157.), (407.) & (827.) 
at 10-157., 30-357. & 55-607. parasitaemia respectively (Table - 5). 
TOTAL CARBOHYDRATE : 
A uniform decrease in total carbohydrate content of P. 
berqhei infected M_^  natalensis liver was observed. The decrease 
was statistically significant and of the order of (167.), (477.) & 
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(777.) at 10-157., 30-357. & 55-607. parasi taemia, respectively 
(Table - 5). 
TOTAL GLYCOGEN 
During P^ berqhei erythrocytic infection a significant 
decrease in total glycogen content of liver in f^J^ natalensis was 
observed throughout the course of infection. The depletion was 
observed to be of the order of (517., P < 0.001), (807., P < 0.001) 
& (887., P < 0.001) at 10-157., 30-357. & 55-607. parasi taemia 
respectively. At the maximum parasitaemia almost total loss of 
glycogen was observed (Table - 6 ) . 
TOTAL GLUCOSE : 
Glucose concentration in P_^ berqhei infected liver decreased 
by (477.), (767.) & (817.) at 10-157., 30-357, & 55-607. parasitaemia, 
respectively (Table - 6 ) . Decrease in glucose content was 
statistically significant. 
LIPID PEROXIDE : 
A marked and significant increase in endogenous lipid 
peroxide level of liver in P_^ berqhei infected [±^ natalensis was 
observed. The elevation was observed to be of the order of 
(1187.), (2507.) & (3347.) at 10-157., 30-357. & 55-607. parasitaemia, 
respectively (Table - 6 ) . 
TOTAL CHOLESTEROL : 
Total cholesterol content of liver in P^ berqhei infected M. 
natalensis showed a slight but significant decrease. Liver 
cholesterol content decreased by (67.), (117.) & (217.) at 10-
157., 30-357. & 55-607. parasitaemia, respectively (Table - 6 ) . 
Table 5 : Sequential changes in chemical composition of liver 
during P_j_ berqhei erythrocytic infection in M. 
natalensis. 
7. Parasitaemia Total Protein Total Lipid Total Carbohydrate 
mg/g Liver mg/g Liver mg/g Liver 
Control 231.72 + 8.10 52.00 ± 2.80 72.8 +_ 5.1 
(n=6) 
10-15 202.40 li 3.09* 60.82 +.2.11* 60.8 ji 2. 1 * 
(n=10) 
30-35 171.20 j^ 3.95** 76.00 j^2.40** 38.52 +^3.20* 
(n=10) 
55-60 139.96 +.5.56* 94.88 j^2.80* 16.22 4^2,12* 
(n=10) 
* P < 0.001 ; ** P < 0.005 
Values are expressed as mean +_ SD ; n = no. of animals. 
Table 6 : Sequential changes in chemical composition of liver 
during P^ berqhei erythrocytic infection in M. 
natalensis. 
7. Parasi- Total Total Lipid Total 
taemia Glyeogen Glucose Peroxide Cholesterol 
mg/g Liver mg/g Liver n moles MDA/g mg/iOO ml Liver 
Liver/hr homogenate 
Control 48.5+_3.45 25.77+.5.10 165.82 + 6.8 48.2+.1.82 
(n=6) 
10-15 23.75 + 2.27* 13.71+4.0* 360.02+8.21* 45.29+.1.15* 
(n=10) 
30-35 9.55+1.11* 6.07+2.10* 580.18+8.24* 42.81+1.38* 
(n=10) 
55-60 5.97+.0.64* 4.88+0.70* 720.29+^4.91* 38.25+1.10* 
(n=10) 
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Effect of P. berghei infection on hepatic and serum levels of 
Transaminases : 
Significant and rapid decrease in liver GPT and GOT was 
observed. Liver GPT decreased by (87.), (13"/.) & (18'/.) while GOT 
decreased by (25Z), (367,) & (457.) at 10-157., 30-357. & 55-607. 
parasitaemia, respectively (Table - 7 ) . 
Serum GPT level in P^ berghei infected animals was elevated 
markedly and it was observed to be increased by (627.), (867.) & 
(1887.) while serum GOT level also increased very rapidly and 
significantly by (457.), (667.) & (867.) at 10-157., 30-357. & 55-607. 
parasitaemia respectively. The increase was statistically 
significant at all the three stager, of parasitaemia (Table - 7). 
EFFECT OF A.viteae INFECTION ON THE HEPATIC ENZYME LEVELS : 
Cytochrome P-450 & Aryl Hydrocarbon Hydroxylase (AHH) : 
During A_^  viteae infection, the level of cytochrome P-450 
decreased by (187.), (227.) & (377.) in prepatent, patent and latent 
stages (Table - 3 ) . However, AHH activity increased during 
filarial infection. Maximum specific activity was recorded 
during prepatent stage of infection (867. greater than control) 
(Table - 8 ) . 
Glutathione - S - Transferase (GST) : 
Liver microsomal GST level was stimulated by 707. during 
prepatent stage of infection. The level of the enzyme fell 
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during patent stage ( 6 7. above control ) . During latent satge of 
infection, an increased in activity of the enzyme was observed 
but still it was lesser than the activity recorded during 
prepatent stage of infection (Table - 8) 
Purification of normal (adult) hastomys natalensis serum albumin: 
Proteins other than albumin were removed from adult normal 
mastomys serum by precipitation with 25V. PEG (mol.wt.6000 g) and 
the supernatant containing mainly the albumin fraction was passed 
through DEAE cellulose column pre-equi1ibrated with 0.01 M P04-
buffer (pH 8.0). The unadsorbed proteins were washed out by two 
bed volumes of 0.01 M P04-buffer (pH-8.0) and the remaining 
protein were eluted at a rate of O.i ml/hr with 0.01 M P04-buffer 
(pH 8.0) containing 0.05, 0.1 & 0.15 M NaCl. The elution profile 
was monitored by following absorbance at 280 nm. Three protein 
peaks obtained (Fig. 7) were analyzed for albumin. Albumin was 
found to be present in I I peak only. Protein rich fractions from 
II peak were pooled, dialyzed against water & lyophilised. The 
purity of the albumin was evaluated on PAGE under non-denaturing 
conditions & SDS-PAGE. 
Characterization of purified Mastomys serum albumin i 
The purity of albumin was evaluated by various 
immunochemical and analytical methods. 
Purified NMS albumin yielded a single band with relative 
mobility of 0.31 (relative to dye) at pH 8,3, under non-
denaturing conditions when analyzed on 7.57. PAGE (Fig. 8b). It 
i i. 
also yielded single precipitin line on 17. agarose gel on double 
diffusion against anti-mastomys serum albumin (Fig. 8a). 
* i. 
Table 7 : Sequential changes in the levels of transaminases of 
liver and serum during P^ ^ berghei erythrocytic 
parasitaemia in M^ natalensis. 
7, Parasi- GPT GOT SGPT SCOT 
taemia Units/mg Units/mg RF Units RF Units 
tissue tissue 
protein protein 
Control 150.0 + 6.5 45.72+^4.27 16,28 + 2.72 41.03+0.89 
(n = 6) 
10-15 142.25j^5.52* 41.65 + 2.29* 26.37+.2.2* 49, 51+.1 .61* 
(n=10) 
30 -35 1 3 2 . 8 3 + . 2 . 8 1 * 36.31+_2.02* 3 0 . 2 8 + . 1 . 2 1 * 6 8 . 2 8 + . ! . 0 8 * 
(n=10) 
55-60 125.30+_4,30* 3 1 . 2 8 j i 2 . 4 3 * 46 .88+ .4 .82 * 76 .20+ .1 .22* 
(n=10) 
* P < 0 . 0 0 1 
Values are expressed as mean + SD 
n = number of animals 
Table 8 : Effect of A^ viteae infection on the liver microsomal 
enzymes of Mk_ natalensis. 
Cytochrome P-450 Glutathione-S Aryl hydrocarbon 
(nmole/mg protein) transferase (nmole hydroxylase (Flu-
CDNB conjugated/ orescence/min/mg 
Stages* min/mg protein) protein) 
Control Experi- Control Experi- Control Experi-
mental mental mental 
-4 -3 
PP 1.75 1.43 559 975 5.7 x 10 4.13 x 10 
-4 -3 
P 1.95 1.54 583 619 5.8 x 10 2.6 x 10 
-4 -3 
L 1.90 1.16 558 748 5.75 x 10 3.18 x 10 
*PP = Pre-patent ; P = Patent ; L = Latent 
Results are expressed as mf?an values. 
Figure : 7 
Fractionation of normal mastomys serum 
albumin by DEAE-cellu1ose column chro-
matography. Arrows indicate the tube, 
where buffer composition is changed. 
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Densitometric scanning of polyacrylamide slab gels performed with 
purified NMS albumin also showed one peak (Fig. 9 ) . 
Molecular weight determination of purified normal Mastomys serum 
albumin : 
Molecular weight analysis of purified albumin by SDS-PAGE in 
presence of 2 -mercaptoethanol under denaturing conditions using 
myosin-H chain (200,000), BSA (6B,000), lysozyme (14,300) as 
standards, yielded a single band (Fig. 8c), corresponding to a 
polypeptide chain of 68,000 dalton molecular weight (Fig. 10). 
IDENTIFICATION OF RAT ACUTE PHASE PROTEINS BY CROSSED 
IMMUNOELECTROPHORESIS : 
Antiserum raised against acute phase serum was used to 
detect inflammation specific proteins which ars induced during an 
acute phase response, whereas antiserum prepared against normal 
rat serum was used to analyze proteins which are reduced 
following acute phase response. The results showed appearance of 
three major acute phase proteins viz. alpha 2- macroglobulin, 
alpha 1- acid glycoprotein and alpha 1- cysteine protease 
inhibitor besides haptoglobin, hemopexin and alpha 1-protease 
inhibitor (Fig. 11a,b). At the same time, albumin concentration 
decreased significantly as was observed by measuring the peak 
area. 5DS-PAGE of normal and acute phase serum further resolved 
acute phase reactants from normal serum proteins & showed 
increased concentration of one of the major acute phase protein, 
alpha 2-macroglobulin and decreased level of albumin (Fig. 
lie,d) . 
Figure : 8 
Characterization of purified normal adult 
maBtomys serum albumin. 
a) Ouchterlony's double diffusion analysis 
of purified serum albumin Peripheral 
wells 1. NhS albumin 2. Albumin in PEG 
supernatant. 3. Albumin after alcohol 
precipitation 4. Purified albumin Ab : 
anti-a1bumin. 
b) Pol yacry lamide gel electrophoresis (7.5"/.) 
with a constant current of 2.5 mA per 
lane. 1. Purified albumin 2. NMS 
c) SDS-PAGE on 107. gel with a constant 
current of 6.0 mA per lane. 1. NMS 2. 
Markers 3. Purified albumin. 
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Figure : 9 
Densitometric scanning of po1yacry1 amide 
•^ l^ab gel e 1 ec t ropherog r am of purified 
normal Mastomys serum albumin. 
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Figure : 10 
flolecular weight determination of 
purified normal mastomys serum albumin 
using myosin H chain (200,000), phospho-
rylase b (97,400), BSA (68,000), 
ovalbumin (43,000), lysozyme (14,300) as 
standards. 
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Figure : 11 
Crossed immunoelectrophoresis (CIE) of 
a) normal rat serum. 
ta) turpentine treated serum. 
Numbers show presence of following 
proteins : 1. ALB 2, Alpha 1-AGP 
3. Alpha 1-CPI 4. Alpha 2-M. 
Densitometric scanning of coomassie 
stained polyacry1 amide slab gel electro-
pherogram of : 
c) normal rat serum. 
d) turpentine treated rat serum. 
Numbers show presence of following 
proteins : 1. ALB 2. Alpha 1-AGP 
3. Alpha 2-M 
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Acute phase proteins in parasitic infections 
(A) CROSSED IMMUNOELECTROPHORESIS : 
Bpforp thr" presence of acute phase proteins in the 
mastomys model of experimental filariasis and malaria was 
determined, experiments were conducted to separate the acute 
phase reactants present in turpentine treated mastomys serum and 
use ttiem as positive controls for further studies. CIE of the 
sera (using antibodies raised in rabbits against turpentine 
treated mastomys serum) from A. vi teae & P. berqhei infected 
mastomys alongwith normal and turpentine treated mastomys gave 
interesting results. In A_^  viteae model of experimental 
filariasis, acute phase proteins started to appear during 
prepatent stage of infection (Fig. 12c) while patent stage 
infection showed peak levels oi acute phase proteins (Fig. 12d), 
During latent stage, the level of APPs declined (Fig. 12e). The 
response during patent stage infection of A_^  viteae resembled 
the pattern obtained with turpentine treated animals (Fig. 
12a,b). In case of P^ berqhei infection, the acute phase 
proteins appeared at > 407. parasitaemia (Fig. 14a,b). Incidently 
this corresponds with activation of Kupffer cells (Fig. 14c,d) 
and steep rise in liver lipid content (Table - 5 ) . 
(B) SDS-PAGE : 
Electrophoresis of normal and acute phase sera 
alongwith sera from A^ viteae and P^ berqhei infected mastomys 
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was carried out under reducing conditions. Coomassie blue 
staining revealed several bands, most of the bands from infected 
animals were common to their respective normals (Fig. 13). 
However, during patent stage of A_i_ viteae infection, one band 
showed increased levels of a protein corresponding to alpha 2-
macroglobulin as was confirmed by molecular weight markers and 
gel scanning (Fig. 13). The level of alpha 2-macroglobu1 in 
subsequently decreased during latent stage of A_^  viteae infection 
(Fig. 13). In P_^  berqhei infection also, the level of alpha 2-
macrog lobul in increased when compared to normal at > 40/C 
parasitaemia (Fig. 15). 
CULTURE OF HEPATOCYTES : 
a) Viability of cells after obtaining suspension : 
Isolation of mastomys hepatocytes by in_ situ perfusion 
of liver with collagenase yielded viable cells in high 
quantities. The viability and integrity of the cultured cells 
were assessed by trypan blue dye exclusion, measurement of total 
lactate dehydrogenase activity as well as leakage of the same 
from the cells into the medium. Ninety percent or more of the 
cells excluded trypan blue and LDH leakage was minimal. Upon 
incubation of hepatocytes in a synthetic medium for upto 6 h. 
trypan blue exclusion frequency elicited a small decrease while 
intracellular LDH levels and LDH leakage into the medium 
plateaued off. It appears, therefore, that after initial shock 
due to collagenase digestion associated tissue dissociation, the 
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cells appear to have reversed steadily as a function of time as 
can bo abr.prvc?d from ttie slope of the ratio of LDH units released 
into the medium as a function of time of incubation (Fig. 16a,b). 
b) Plating efficiency : 
The plating efficiencies obtained with the three 
matrices, collagen, poly-1-lysine and fibronectin ars given below 
i) Collagen : 
Collagen was extracted from rat tail tendons in 0.5 M 
acetic acid at 4^0 for 1-2 days (Strome, et.al,, 1982). The 
solution was then passed through muslin cloth to remove insoluble 
material. The solution was then dialyzed for 24 hr. and 
centrifuged. The clear solution obtained was sterilized under 
U.V. light and used for coating plates and preparing collagen 
gels on nytex. Collagen coating improved plating efficiency of 
hepatocytes from 307. to 70'/.. 
ii) Poly-l-lysine : 
Poly-l-lysin coated plastic petridishes (at a 
concentration of 2.5 to 5 pg/cm) yielded 80'/. plating efficiency. 
iii) Fibronectin : 
Fibronectin when used at a concentration of 2 - 5 ,ug/cm 
yielded a plating efficiency of 507. . 
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c) Morphology of hepatocytes in presence of additives which 
iniprovp> hf=>pA t-nr y f-i^  rultnrt^ ! 
When cultured in presence of synthetic medium and 
factors that improve cell growth or differentiation, hepatocytes 
were observed to undergo morphological changes upon seeding and 
subsequent culture on various substrata. The synthetic medium 
reported for hepatocyte culture by Enat et.al.(1784) with slight 
modification and found to be effective is presented in 
(Table - 9 ) . Hepatocytes seeded in the synthetic medium 
supplemented with fetal bovine serum (FBS) reaggregated within a 
few hours, spreaded and formed typical monolayers of continuous' 
•granular cells after 2 days in culture (Fig. 17a). Spreading was 
delayed in a serum ir^e medium. Addition of Se (0.1 juM) slightly 
reversed this delay. Marked differences were observed in serum 
free medium deprived of cyst(e) ine : the cells attached but did 
not spread normally. In addition in the absence of cyst(e)ine, 
the cells tended to detach by day 7 when they were seeded onto 
tissue culture plastic dishes used without coating with any 
matrix. Cells plated on collagenous or poly-1-1ysine substrata 
were attached stably throughout the two weeks of the experiments. 
Spreading was also impeded when DMSO (5.6 x lo"^ M) was added to 
the synthetic medium. However, addition of DMSO improved plating 
efficiency and helped to maintain parenchymal cells in viable and 
differentiated state for more than two weeks (Fig. 17b). 
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Table - 9 : Factors included in the synthetic media : 
Factors Solvent Final Cone 
-8 
Insulin 0.01 M HCl 10 M 
-10 
Glucagon 0.01 M NaOH 10 M 
EGF PBS 10 ng/ml 
-6 
Deyamethasone DMSO 10 M 
Thyroxine 0.01 M NaOH 10 pg/ml 
-4 
dbcAMP Dist.water 10 M 
BSA Di St. water 2 */. 
Selenium Dist.water 0.1 (JM 
EGF : Epidermal growth factor; dbc - AMP : Dibutyryl cyclic AMP 
Medium was prepared fresh just prior to being added to the 
plates. 
1. Oxygen uptake measurement : 
Measurement of uptake of oxygen was carrled out using : 
[a] i) fresh hepatocytes, 
ii) hepatocytes maintained in culture for seven days, & 
[b] hepatocytes maintained in culture for seven days in DMSO 
& Se in addition to synthetic medium. 
Cells were scraped with a rubber policeman & 
centrifuqed. The supernatant was discarded. To the pellet, 2 ml 
of nutrient medium was added «< the suspension obtained was 
utilized for oxygen uptake measurement. The results are expressed 
as micro-moles of oxygen consumed /min/mg protein. After 7 days 
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culturp in synthetic medium, substantial amount of cells were 
viable ?< consumed measurable oxygen while values were much higher 
in presence of DMSO & Se (Table - 10). 
2. Cytochrome P-450 measurement : 
Cytochrome P-450 was measured immediately after 
isolation af the hepatocytes prior to plating and after 1,3,5 & 7 
days in culture (Fig.18). Whole liver microsomes prepared by 
u1tracpntr1fugation were used as controls. Hepatocytes grown for 
3 days or longer in synthetic medium lacking cysteine had 
substantially higher levels of cytochrome P-450 than hepatocytes 
grown in defined medium containing cysteine. In fact there 
appeared to be an induction of cytochrome P-450 when the 
hepatocytes were incubated in the cysteine free medium for three 
days. Cytochrome P-450 levels were nearly twice those of the 
freshly isolated cells or the cells grown for 3 days in the 
medium supplemented with cystpine. 
Synthesis & Secretion of albumin by hepatocytes in culture : 
Synthesis and secretion of albumin by the hepatocytes in 
culture was studied by incubating the cells with 2 ml of leucine 
free medium supplemented with hormones, trace elements and 
antibiotics in addition to DMSO at 37 C in a C02 incubator. 
Experiments were initiated by adding 14 leucine to the culture 
medium (3 juCi/ml). Incubation was terminated after three hours 
by removing the plates from the incubator and chilling them on 
Table 10 : Oxygen uptake measurement in presence of a) synthetic 
medium and b) synthetic medium + DMSO & Se. 
Sr.No. Preparation 02 uptake 
(micromol/min/mg protein) 
(a) (b) 
1. Freshly isolated cells 0.22 + 0.04 0,21 + 0.03 
2. 1 - day culture 0.20 + 0.04 0.20 + 0.03 
3. 2 - day culture 0.16 + 0.03 0.14 + 0.02 
4. 3 - day culture 0.10 + 0.04 0.18 + 0.03 
5. 5 - day culture 0.07 + 0.03 0.15 + 0.03 
6. 7 - day culture 0.06 + 0.02 0.12 + 0.04 
Results .arB mean + SD derived from three independent 
experiments. 
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ice bath. The cells were centnfuged at 4000 rpm for 15 m m and 
subsequently the incubation medium was removed. The cells were 
then washed several times with phosphate buffered saline 
containing 0.17, DL-leucine ( PBS-1 euc ine ) and finally homogenized 
in motor driven Potter-E1vehjem homogenizer using a teflon coated 
pest Ie. 
Total protein and albumin synthesis was followed by 
monitoring rate of incorporation of C-leucine into TCA 
precipitable and immunoprecipitab 1e (using monospecific rabbit 
anti-rat albumin) fraction of 100,000 x g supernatant of rat 
hepatocyte homogenate in phosphate buffered saline pre-exposed to 
"*C-leucine pulse for 3 hours. Similarly the rate of secretion of 
total protein and albumin was followed by monitoring the amount 
of radioactivity in TCA precipitable and immunoprecipitable 
fraction=^ respectively. Addition of 5.6 x 10 M DMSO to the 
synthetic medium had positive effect on rate of albumin synthesis 
by hepatocytes. The results are summarized in (Fig. 19A,B). 
Synthesis of acute phase proteins by hepatocytes in culture: 
Synthesis of acute phase proteins by hepatocytes under 
different experimental conditions were monitored by following the 
incorporation of *S-methionine into the newly synthesized 
proteins and analysing the proteins on gel electrophoresis 
followed by f1ourography. The figures (20A,B) illustrate typical 
f lour oqram^, of proteins synthesized by hepatocytes maintained in 
culture. The pattern revealed that in both A_^  viteae & P_^  berqhei 
Fjqure : 19A 
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_Gucine incorporation into albumin 
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cultured for 24 h in synthetic medium. 
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represents radioactivity "found in the 
proteins. 
Results are mean +_ SD derived from 3 
independent experiments. 
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cultured for 24 hr in synthetic medium + 
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represents radioactivity found in the 
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Results are mean +_ SD derived from 3 
independent experiments. 
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infection, heptocytes synthesized alpha i-acid glycoprotein as 
major acute phase protein while several other small molecular 
weight acute phase proteins could be detected. Although the level 
of alpha 2- macrogIobu1 in increased during A. vi teae and P. 
berqhei infection but the extent of increase in the 
concentration of alpha 2- macrog1obu1 in was considerably lower as 
compared to the increase observed in case of alpha 2- acid 
glycoprotein. The same pattern of acute phase protein synthesis 
was obtained when hepatocytes were prepared from turpentine 
treated mastomys. Very little information is available regarding 
the synthesis of acute phase proteins iji vi tro during parasitic 
infections. This study therefore provides interesting information 
regarding the acute phase protein responce during filarial & 
malarial infections. 
Effect of conditioned medium on synthesis of acute phase 
proteins by hepatocytes in_ vitro. 
The presence of conditioned medium (from ConA stimulated as 
well as A_^  vi teae and F^ berqhei infection induced splenocytes) 
in the hepatocyte culture affected the synthesis of acute phase 
proteins and albumin. After three days culture in the presence 
of A_^  VI teae and P_^  berqhei infected splenocytes supernatants, 
increaspd synthesis of aIpha-2 macrog1obu1 in and alpha-1 acid 
glycoprotein by ^1epatocyte5 were observed while albumin synthesis 
decreased as compared to untreated cultures. ConA stimulated 
splenocvte supernatants also induced synthesis of alpha-2 
Mrxlff 
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macroglobu1 in and alpha-1 acid glycoproteins whereas synthesis of 
albumin decreased. 
ThG effects of either ConA - induced or P. berqhei and A. 
vi teae stimulated splenocyte supernatants on the synthesis of 
acute phase proteins and albumin were similar. Since standard 
acute phase proteins like alpha-2 macroglobu1 in and alpha-1 acid 
glycoprotein were not available, the results are expressed in 
terms of fold increase in the concentration following stimulation 
by conditioned media (Fig. 21). 
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Acute phase response in mammals is recognised as a normal 
^lDmeo5tatlc immediate physiological response to injury or 
infection (Stadnyk, et.al., 1991). Its primary role is to 
maintain the integrity of the tissue by restricting damage to the 
injured site. The acute phase response (APR) in inflammation may 
be divided into two phases : the local response, involving 
coagulation, I'lnm generation, phospholipid metabolism with 
vasodilation and cellular emigration, and the systemic response 
including fever, leukocytosis, changes in the concentrations of 
plasma heavy metals, and increased plasma levels of a number of 
hepatocyte derived proteins alongwith modifications to amino acid 
pools (Kushner, 19B2; Koj, 1985; Gauldie (in press); Milanino 
et.al., 1986). Endocrine changes include increases in levels of 
circulatory Cortisol, glucagon, catechoieamines and thyroid 
hormones. The net sum of these acute changes is a general 
enhancement of body metabolism including increased protein 
catabolism, increased g1uconeogenesis and a negative nitrogen 
balance. The experimental evidence adduced in the present study 
suggests generation of acute phase reaction in parasitic 
infections (viz, experimental malaria and experimental 
filariasis) as well. 
EXPERIMENTAL MALARIA : 
Malaria associated pathology is mainly due to three factors: 
high parasite density and consequently, massive amount of 
malarial pigment production, destruction of mature and immature 
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erythrocytes during the intra-erythrocytic development of the 
malarial infection ; and hyperactivation of host-defense system. 
Hepatomegaly has been recognised as most common and specific 
symptom of malarial pathology in humans, primates and rodents. 
Host of the workers have reported accumulation of malarial 
pigment (haemozoin) within reticuloendothelial system (RES) of 
liver (Ash & Spitz, 1945; Jervis et.al., 1968; Aikawa et.al., 
1980; Saxena et.al., 1981). It is known that infection of P. 
f a 1 c iparum in monkeys as well as P_^  berqhei infection in mice and 
rats (Rao et.al., 1969; Jervis et.al., 1968, 1972; Saxena et.al., 
1981) leads to significant increase in wet weight of liver 
without significant change in its dry weight. Ramakrishna et.al. 
(1950) and Rao et.al. (1969) have suggested that increased liver 
weight associated with no change in dry weight was due to edema. 
In the present study, wet weight of liver was significantly 
increased by (547. ; P < 0.001), (707. ; P < 0.001) and (1107. ; P < 
O.OOi) at 10 - 157., 30 - 357. and 55 - 607. parasi taemia, 
respectively. At the same time however, it was found that the 
dry weight of liver registered a very modest increase of (3.67. ; 
P <0.02), (77. ; P < 0.02) and (127. ; P < 0.001) at 10 - 15 7., 30 
357. and 55 - 607. parasitaemia respectively. This modest 
increase in liver dry weight might be due to high level of lipid 
and malarial pigment accumulation in the liver. Increased wet 
weight of P_^  berqhei infected liver of M_^  natalensis was 
observed to associate with loss of body weight of the host with 
rising parasitaemia. Similar diminution of host's body weight 
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has been reported earlier by Maegraith (1954) in rats infected 
^i^^ P• yoel11 at the maximum parasitaemia. She suggested that 
the reduction in body weight was due to damage of healthy 
erythirocytes leading to insufficient O^supply to different organs 
and anemia. Loss of body weight may also be due to poor 
ingestion leading to semistarvation of the infected animals 
during the course of P_^  berghei erythrocytic infection. 
Hepatic pathology as a consequence of parasitaemia has 
further been revealed by biochemical studies. Lipid 
concentration in the liver of M_^  natalensis infected with P^ 
ber qhei was found to be increased by 15'/., 407. & 827. at 10 - 157., 
30 - 357. and 55 - 607. erythrocytic parasitaemia, respectively. An 
effort hias been made m the past to understand the underlying 
causes for hyper 1ipidemic liver due to malarial parasitaemia. 
Liver plays a decisive role in the metabolism and transport of 
lipids, as well as in the maintenance of lipid levels in the 
liver and circulating blood. During an acute phase response, 
tumor necrosis factor has been proposed to mediate the 
hyper triglyceridemic response to infection by either increasing 
hepatic lipid synthesis or decreasing clearance of triglyceride 
rich particles through inhibition of lipoprotein lipases. Krauss, 
et.al. (1970) demonstrated that within 90 min of administration 
of recombinant human TNF-< to rats, there was a rapid increase 
in plasma levels of very low density lipoproteins, apoprotein and 
lipid composition, as assessed by nondenaturing gradient gel 
electrophoresis. Their data suggested that the initial site of 
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TN"^  s nnetabolic effects is liver and the resulting increases in 
secretion and metabolic processing of VLDL may represent an early 
manifestation of the acute phase response. Another reason of 
lipid deposition in liver could be a depressed rate of 
mitochondrial fatty acid oxidation, leading inturn to excessive 
feedback inhibition of hepatic triglycerides. In this regard, 
the fact that the mitochordria of malaria infected liver suffer 
structural damage supports the above view (Fletcher & Maegraith, 
1962; Maegraith, 1966). Malarial infection was also associated 
with decreased level of cholesterol content in liver. Seshadri 
et.al. (1983) have observed a significant depletion of liver 
cholesterol content in monkeys infected with P_^  falciparum. The 
present study has shown that liver i-holesterol content in M. 
nata lensis was decreased significantly by (6'/.), (117.) and (217.) 
at lo - 157., 30 35"/. and 55 - 607. parasitaemia respectively. 
Seshadri et.al. (1983) have tried to understand the aetiology of 
reduction of hepatic cholesterol during malarial infection. They 
have suggested that it might be due to an increased uptake of 
haemoglobin by the infected erythrocytes. We have not attempted 
to understand mechanism underlying dect-i^ase of liver cholesterol 
content in k^_ natalensis during the course of P_^  berqhei 
erythrocytic parasitaemia. 
Malarial infection was observed to induce alterations of not 
only lipid and cholesterol metabolism, but also of carbohydrate 
metabolism in mostomys livtr. Acute inflammation, over a period 
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of 17 - 24 h fiar- been reported to induce the liver to respond to 
the associated cytokine exposure by modulating its carbohydrate 
nictabnlnm (Stadnyk et.al., 1991). An increased g 1 ycogenolysis 
would lead to rapid and significant decrease of glycogen & total 
carbohydrate content of the liver. In the study presented here, 
total carbohydrate content was observed to decline by 167., 477. 
and 777. at 10 - 157., 30 - 357. and 55 - 607. parasi taemia, 
respectively. Several workers (Homewood, 1977 ; Homewood and 
Naeme, 1980 ; Saxena et.al. 1981 ; Seshadri et.al. 1983) have 
tried to suggest physiological basis of reduction of hepatic 
carbohycira tn during plasmoduim infection. They surmise that 
since intra-erythrocytic stages of malarial parasites have no 
carbohydrate reserves (Sherman, 1983) and therefore they 
obviously derive and consume their nutritional share from the 
hosts reserve carbohydrate for their rapid growth and 
multiplication (Mckee, 1951). It is well known that liver 
happens to be the chief store house for carbohydrates. The 
frequent use of h o s t s carbohydrate reserves by the parasite 
ultimately results in the exhaustion of the same. Homewood and 
Naeme (1980) have further shown that the carbohydrate transport 
within malarial parasite, is however, increased during its 
erythrocytic infective phase. However, acute phase response 
augments this mobilisation of carbohydrate reserves to glucose 
which in turn is used by the parasite for its metabolism. 
Decrese in hepatic glycogen content by 517., 007. and 887. at 
10-157., 30-357. and 55-607. parasi taemia, observed ,n the present 
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study confirms earlier reports of Geofforion et.al. (1985) and 
Srivastava et.al. (1984) on depletion of host liver glycogen in 
mostomys during erythrocytic P_^  berqhei infection. Picture of 
glycogen depletion in liver due to malarial infection is known to 
be associated with mobilisation of glucose from host liver. In 
the present studies, decrease of liver glucose content was 
observed in ri^ . natalensis during the course of P_^  berqhei 
erythrocytic parasi taemia. It was decreased by (477.), (767.) and 
(817.) at 10 - 157., 30 - 357. and 55 - 607. parasi taemia, 
respectively. It is known that glucose is very important for 
metabolism of Plasmodium (Phillips, 1984). Mouse erythrocytes, 
infected with P_^  berqhei are found to consume considerably more 
glucose, than the normal red blood cells (Bowmen et.al.1961). 
Glucose is readily metabolized by intraerythrocytic stages of P_^ 
berqhe.1 concomitant with the enhanced entry of non-metabol izable 
sugars into the parasitized erythrocytes (Homewood and Naeme, 
1983). In other words, such an increased sugar influx is 
restricted to the parasitized red blood cells, and not found in 
the non-parasitized ones in the malaria infected animals. The 
influx takes place due to change in malaria infected cells, which 
may include both an increase in the simple diffusion component, 
as well as a modification in the carrier mediated portion of the 
entry processes. However, the details of such a possible 
mechanism are still unknown. Phillips (1984) suggested that in 
order to make the host's glucose available to the parasite, it 
must pass through the red blood cell membranes and the membranes 
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of the parasitophorous vacuole. Such a transfer of glucose might 
be facilitated by increased permeability of parasitized 
erythrocytes membrane. It has been known that red blood cells 
and the malaria infected erythrocytes depend upon the metabolism 
of glucose to lactate by anaerobic glycolysis (Homewood & Naeme, 
1*783), such an increased metabolism of available glucose to 
lactate by the multiplying parasite, may have been the causative 
factor for hypoglycemia in the host. 
Parasitaemia not only altered lipid and carbohydrate 
metabolism as discussed above, but also significantly changed 
protein metabolism of the host. Total protein content of liver 
in M^ natalensis was observed to decrease by 137., 267. and 407. at 
10 - 157,, 30 - 357. and 55 - 607. parasitaemia, respectively. 
Besides the erythrocytic parasiteamia induced hepatic damage led 
to increase in level of serum transaminases. SGPT increased by 
627., 867. and 1887. while SGOT increased by 217., 667. and 867. at 10 
- 157,, 30 - 357. and 55 - 607 parasitaemia, respectively. Similar 
findings have also been reported earlier by Sadun et.al. (1965), 
I .1 .>M.i I (M... > . (.1 I t -r -a ) , 11,. ii>ii ..(... I. it*r-_') jinl fcitji,liiji(i»- et-rtl. 
(1983) during malarial infection. They have suggested that 
increased level of serum transaminases might be related with the 
lysis and destruction of healthy erythrocytes during intra-
erythrocytic stages of malarial infection. 
Serum picture of transaminases, discussed above was observed 
to correlate with changes in hepatic tissue transaminase (viz, 
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GPT and GOT) , during malarial infection. Liver GPT decreased by 
(57.), (117.) and (167.) while GOT level decreased by (77.), (217.) 
and (327.) respectively at 10 - 157., 30 - 357. and 55 - 607. 
parasitaenia. These results support the earlier findings made 
by Lai & Hussain (1970), who also observed decrease in liver GPT 
& GOT in mice during malarial infection. Tfie significantly 
decreased levels of GPT and GOT activity found in liver of P. 
berqhei infected ri_^  nata lensis, probably indicates dysfunction of 
liver during infection. 
Our data on experimental malaria, demonstrating loss of body 
weight, increased protein catabolism, g1ycogenolysis, 
hepatomegaly and fatty infiltration in the infected liver at 
higher parasitaemia strongly suggest that malarial infection 
should elicit acute phase protein response. Experimental data on 
accumulation of acute phase proteins in the serum of Mj^ 
natalensis following P_^  berqhei infection demonstrated that 
indeed acute phase proteins (viz., oC -2 macrog 1 obu 1 in and i?C-1 
acid glycoprotein) are induced during malarial infection. 
However, the real inducers of acute phase proteins have been 
recognised to be IL-1, IL-6 and TNF arising from hyperactivated 
macrophages (Baumann, et.al., 1990). It is now known beyond 
doubt that malarial fever and rigor" is a result of this 
hyperimmune reaction and production of interleukin-1. 
Interleukin-1 has been known in the past to induce acute phase 
rosponse in several mammalian species (DinareUo, et.al., 1984). 
^ill^r et.al. in 1951 showed that liver is the major organ for 
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the synthesis of acute phase proteins & therefore it was 
considered of interest to follow the synthesis of acute phase 
proteinr, by hepatocytec isolated from mastomys at > 407. P. 
berg he 1 erythrocytic parasi taemia. Our ij^ vitro study showed 
that acute phase proteins are indeed synthesized by hepatocytes 
at > 40"/. parasi taemia, The present study, thus demonstrates 
induction of acute phase response during experimental malaria. A 
study involving human volunteers infected with various Plasmodium 
spp sfiowed significant increases in the plasma fraction 
(probably PI) ( Klainer, et.al., 1968 ) and similar changes 
were detectable in naturally acquired disease ( Klainer, et.al., 
1969 ). It would appear to be manifestation of the parasitic 
infection induced acute phase reaction. It is now known that 
malarial infection not only affects the host liver in various 
ways but also induces an activation of its reticuloendothelial 
system (RES). Activation induces many changes in the cells, 
among which are : production of TNF, IL-1 and IL-6, the cytokines 
that exert multiple effects on the host. Of these effects, the 
most important is the elicitation of the hepatic acute phase 
response?, which is accompanied by leukocytosis and the production 
of acute phase proteins. On the other hand, animals infected 
with P_^  berqhei show suppression of the liver P-450 enzyme 
cyctem^ ( Tripathi, et.al. unpublished ) and reduced albumin 
levels (Tripathi, et.al. unpublished). While cytochrome P-450 
levels werp not measured during P_^ berqhei infection, albumin 
Synthesis decreased as was observed during serum analysis as well 
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as during i£i vi tr o -^yntheBis by hepatocytes. These two 
pii nmc^tcrs could well bn taken as negative acute phase markers 
-inre fheir Ipvcls decrease during P_^  berqhei infection. 
EXPERIMENTAL FILARIASIS : 
ft• VIteae infection in mastomys is an example of murine 
asymptomatic filariasis with distinct prepatent, patent and 
latent stages, simulating human filarial infection. When sera 
from all the three stages (i.e., prepatent, patent and latent 
stage) of A_^  vi teae infection were evaluated by crossed 
Immunoelectrophoresis and SDS-PAGE, acute phase proteins started 
to appear during prepatent stage, while patent stage infection 
showed peak levels of acute phase reactants. During latent stage 
thp level of acute phase rrartants declined. Demonstration of 
.Ticute phase response during A_._ vi teae infection suggests 
induction of IL-i and IL-6 molecules. IL-6 molecules are 
believed to be produced by macrophages and a class of Th-2 cells 
following T-cell stimulation by the antigen presenting cell 
(Decker, 1990 ; Mosmann et.al. 1986 ; Cherwinski, et.al. 1987 ). 
IL-6 would thereby qualify as mediator of inflammation when acute 
phase proteins are the markers. This was further confirmed by in 
vi tro studies where synthesis of acute phase proteins by 
hepatorytps was followed by autoradiography during patent stage 
of A_._ VI teae infection. The results demonstrated induction of 
two major acute phase proteins, alpha-2 macrog1obuI in and alpha-
1 acid glycoprotein. On the other hand cytochrome P-450 and other 
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druq metabolijing enzymes were assayed to monitor the effect of 
Aj^ VI teao infection on their activities. It was observed that 
cyt P-450 levels decreased by (18*/.), (22"/,) and (377.) respectively 
in prepatent, patent and latent stages of infection while 
ary1 hydrocarbon hydroxylase and glutathione s-transferase did not 
show significant changes. Similar observations have recently 
been reported by Stadnyk and Gauldie (1991) who have used two 
natural nematode parasites of rodents, Nippostronqylus 
brasi1lensis and Trichinel1 a spira1 is for their studies. They 
reported that animals infected with NL_ brasi1iensis show 
suppression of the liver PA50 enzyme system (Tekwani, et. al. 
1987), a biphasic reduction in the host's appetite coincident 
with lung and intestinal pathology (Ovington, et al. 1985) and 
reduced albumin levels (Ash, et al. 1985). Induction of acute 
phase response leads to several fold increase in synthesis of 
what are called positive acute phase proteins. However, 
synthesis of certain other proteins like cyt P-450, albumin etc., 
whose synthesis declines during acute phase response have been 
rocognised as negative acute phase markers. It would therefore, 
appear that acute phase response is indeed induced in mammals 
during parasitic infections. 
It would appear that acute phase response arises from the 
hyperac tivated macrophagps dLie to stimulated immune system. Now 
interleukins or cytokines are recognised as the soluble mediators 
of this response (Baumann ct.al., 1990). To demonstrate that 
the parasite stimulated host lymphoid system stimulates the acute 
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phase protein Bynthesis in liver, it was considered of interest 
to jnvEPstigate the effect of sera (from the parasite infected 
malaria and filaria and conditioned media from Con A stimulated 
splenocytes) on primary hepatocyte culture. 
IN VITRO MODEL FOR MONITORING ACUTE PHASE RESPONSE : 
A major aspect of the current research on the hepatic acute 
phase response focuses on the cellular and molecular mechanism by 
which thip expression of acute phase proteins is regulated in 
liver cells. Most studies in this direction rely on tissue 
culture experiments, since regulatory processes can be assessed 
under more defined conditions in_ vitro than in_ vivo • In search 
of a suitable experimental tissue culture system, many 
investigators have selected cultures of adult hepatocytes. 
Advantages are the nontransformed phenotype of the cells and the 
ease by which a large number of differentiated cells can be 
isolated and maintained in culture. Specific culture conditions 
have been devised that better preserve the adult phenotypes in 
long term cultures (Enat, et.al. 1984; Fraslin, et.al. 1985; 
Grieninger, et.al. 1978 and Isom, et.al. 1985). In the study 
presented here, efforts were made to develop a suitable model for 
studying the differentiated functions of hepatocytes ijT^  vitro on 
the one hand and then to follow the effect of parasitic 
infections on acute phase protein response on the other. During 
the course of the study, several differentiated functions of 
hepatocytes viz,albumin synthesis, cytochrome P-450, oxygen 
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uptake etc., were studied under defined culture conditions. 
Oxygen uptake measurements were carried out to determine the 
integrity of the hepatocyte plasma membrane on the one hand and 
to monitor the effects of antioxidants on survival of hepatocytes 
under thie normoxic condition'^, in primary culture on the other. 
It was observed that after 7 days culture in synthetic medium 
plus DMSO and Se, substantial number of hypatocytes remained 
viable and consumed measurable oxygen. The antioxidant 
properties of DMSO may be explained by describing it as an oxygen 
radical sink, while Se has proven antioxidant properties and so 
the protection afforded by i tr, addition to medium is suggestive 
of role of antioxidants in hepatoprotective function. Similarly 
supplempn tn tion of the culture medium witfi DMSO had dramatic 
effets on the synthesis of albumin and maintenance of cytochrome 
P-'I^O in vitro. While addition of DMSO not only increased 
albumin synthesis but also albumin scretion by the cells, removal 
of cysteine from the medium and addition of DMSO supplemented 
synthetic medium protected the cells from the loss of cytochrome 
P-450 content for upto 7 days. The meachanism of action of DMSO 
is not very well understood but several theories have been 
proposed. Because DMSO penetrates biological membranes (Jacob, 
et.al. 1964), the durg may function as a carrier for specific 
nutrients and hormones. DMSO also alters the structure of 
proteins and nucleic acids and as such, may directly alter gene 
exprr--,sion. In its ability to maintain differentiation of normal 
adult hepatocytes, DnSO may act directly by controlling 
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expression of differentiated liver specific gene products or 
indirectly by altering hepatocyte responsiveness to other 
components such as hormones or nutrients. 
Although it is possible to maintain hepatocytes in 
differentiated state in a medium supplemented with hormones 
growth factors and DMSO in short term cultures, further 
biochemical analysis is required to determine the normality of 
these hepatocytes with regard to other liver specific functions, 
such as hormonal induction of specific enzymes, maintenance of 
cytochrome P-450 and ability to activate chemical carcinogens. 
During an acute phase response, however, as optimal regulation of 
acute phase protein genes has to be achieved within 24 h, the 
deterioration of the cell phenotype noted after days in culture 
are less problematic (Koj, et.al. 1984). Indeed experiments, on 
primary mouse and rat hi-pa tory t rs, for instance, have 
demonstrated that prominent stimulation of a variety of acute 
phase proteins can be accompa 1 i r.hed in short-term cultures. 
Hovsiever, even in those experiments, concurrent loss in the 
expression of proteins other than the measured plasma proteins 
does occur, which in turn might influence the regulation of acute 
phase proteins (Aiello, et.al.1988; Clayton, et.al.1983; 
Jefferson, et.al.1984). In the study presented here, primary 
hepatocyte cultures were used as a model to follow the synthesis 
of acute phase proteins in_ vitro. Culture supernatants from 
splenocytes (prepared during patent stage of ft. viteae infection) 
when added to hepatocytes monolayers led to increased synthesis 
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of acute phase proteins and depresBed level of albumin. 
Similarly supernatants from P_. berqhei infected splenocytes 
enhanced synthesis of acute phase proteins by hepatocytes. 
Similar results have been obtained by Koj et.al. (1984) who have 
used different cytokine preparations from human monocytes to 
follow the synthesis of acute phase proteins by hepatocytes. 
They showed that cytokines consistently increased the synthesis 
ot -^j-mac rog lobu 1 in and fibrinogen and depressed that of albumin. 
The findings presented here therefore provide some evidence that 
acute phase proteins are indeed synthesized by hepatocytes during 
P. berqhei and A_^ vi teae infections. 
Questions regarding mechanisms involved in the acute phase 
rL?sponse remain to be answorpd . Among thpsp is the question of 
hov'j acute phase states not involving 1 ipopol ysaccar ide a.rB 
mediated. Bacterial infections i\rG only one of a large number of 
possible stimuli, suggesting that other endogenous monocyte 
stimulators must exist. Investigations on the molecular basis of 
the acute phase response have only begun to elucidate a myriad of 
fascinating intercellular regulatory events. The fascinating 
problem of why some proteins behave as strong acute phase 
reactants in animals and not in man, or vice - versa, needs 
immediate attention. A better knowledge of the 
pathophysiological mechanisms of the acute phase response will 
improve the treatment of inflammatory diseases in man. 
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* SUMMARY * 
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Microbial invasion, tissue injury, immunologic reactions, 
and in-f 1 ammatory processes induce a constellation of host 
responses collectively referred to as the acute phase response. 
The response is characterized by changes in metabolic, 
endocrinologic, neurologic, and immunologic functions. The 
purpose of this nonspecific acute phase response appears to be 
early protection and preparation for a prolonged defense. There 
is evidence that pre-exposure to some inflammatory cytokines, 
such as IL-1, protects by non-specific mechanisms against 
subsequent bacterial challenge. Mostly, investigations have 
involved bacterial or viral infections and there is little data 
describing parasitic diseases. It was therefore considered of 
interest to study the effect of parasitic infections on hepatic 
acute phase response during experimental malaria and filariasis. 
Experimental Malaria 
Malaria continues to be one of the major killer diseases 
inflicting human race in tropical countries. Malarial infection 
induced toxicity is associated with a number of structural and 
functional alterations in different organs of the host, viz., 
liver, spleen and kidney. Hepatotoxicity has very widely been 
studied, since liver is the primary organ of homeostasis in 
mammals. Several attempts have been made at structural and 
biochemical levels to understand the mechanism of hepatotoxicity 
in malaria infected hosts. However, its complications remain a 
prominent cause of morbidity and mortality in the developing 
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worId. 
In the present study, experimental erythrocytic P_^  berqhei 
malaria was induced in normal ri_^  nata lensis by intraperitoneal 
inoculation of 10 parasitized erythrocytes in a single injection. 
A parallel batch of healthy animals was used as control. Percent 
parasitaemia was evaluated by staining a thin smear of infected 
blood with Giemsa stain. 
Animals with three different level's of parasitaemia, viz., 
10-157., 30-357. and 55-607. were sacrificed under light 
anaesthesia. A portion of liver was homogenized in cold for 
biochemical estimations of lipid, protein, carbohydrate and 
transaminases. Serum was collected for monitoring transaminases. 
The gross changes observed in P_^ berqhei infected [^ natalensis 
inrludn ; on 1nrgrmnnt of livpr (hnpatomnga1y) and change of 
colour from chocolate to dark brown or, even black at the 'peak 
parasitaemia (55-607.), A significant increase in wet liver 
weight (P < 0.001) and continuous decrease in body weight of M. 
natalensis during P_^  berqhei infection was observed. 
Biochemical studies ij2 vivo revealed that during P_^  berqhei 
erythrocytic parasitaemia, the total protein content of liver 
decreased significantly by (137.), (267.) and (407.) ; total 
carbohydrate by (167.), (477.) and (777.) ; total glucose by (477.), 
(767.) and (817.) ; total glycogen by (517.), (807.) and (887.) ; GOT 
by (257.). (367.) and (457.) ; GPT by (87.), (137.) and (187.) ; 
cholesterol by (67.), (117.) and (217.) at 10-157., 30-357. and 55-607. 
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parasitaemia, respectively. 
Total lipid and lipid peroxide content of liver during P^ 
bg^rqhei erythocytic parasitaemia increased significantly. The 
total lipid content increased by (157.), (407.) and (B27.) while 
lipid peroxide levels increased by (1187.), (2507.) and (3347.) at 
10--157., 30-357. and 55-607. parasitaemia, respectively. 
P. berqhei erythrocytic parasitaemia also led to increased 
in levels of serum transaminases : 5GPT increased by (627.), (867.) 
and (1887.) while SGOT increased by (217.), (667.) and (867.) at 10-
157., 30-357. and 55-607. parasitaemia, respectively. 
The findings presented above showing loss of body weight, 
iriLrca-^ n^d protein catabolism, y 1 yc ogenu 1 y si s , hepatomegaly and 
fatty infiltration m the infected liver at higher parasitaemia 
suggest that P_^  berqhei infection, may lead to acute phase 
response. Sera from P_^  berqhei infected mastomys, when analysed 
by crossed Immunoelectrophoresis, showed presence of two major 
acute phase proteins viz., alpha-2 macroglobu1 in and alpha-1 acid 
glycoprotein. Since liver is the major organ for the synthesis 
of plasma proteins, synthesis of positive and negative acute 
phase protein markers by hepatocytes was monitored at > 407. 
erythrocytic parasitaemia. While synthesis of alpha-2 
macroglobulin and alpha-1 acid glycoprotein increased, that of 
albumin was suppressed during P^ berqhei erythrocytic 
parasitaemia. These findings support the view that during P , 
^ ^ n n h ^ infection, an acute phase protein response is generated 
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where synthesis of some proteins, termed positive acute phase 
proteins increases, whereas levels of the negative markers e.g., 
albumin and cytochrome P-450 decline. 
Experimental Filariasis 
More than 300 million people are affected with filariasis 
worldwide. The chronicity of filariasis influences a broad range 
of h o s t s immune responses, ftcan thoc haelonema vi teae infection in 
mastomys is an example of murine asymptomatic filariasis with 
distinct prepatent, patent and latent stages. A_^  viteae 
infection in mastomys was used to evaluate acute phase reaction 
during prepatent, patent (with circulatory microfilariae) and 
latent (amicrofi1ariaemic) stages. Acute phase proteins started 
to appear during prepatent stage, while patent stage infection 
showed peak levels of acute phase reactants. During latent 
stage, the level of acute phase reactants declined. These 
results were further confirmed by following the synthesis of 
acute phase proteins i£i_ vi tro during patent stage of A_^ viteae 
infection. The results demonstrated induction of two major acute 
phase proteins viz., alpha-2 macroglobulin and aipha-1 acid 
glycoprotein, and decreased level of albumin. When some liver 
specific enzymes viz., cytochrome P-450, ary1 hydrocarbon 
hydroxvlase (AtHH) and g 1 uta thione-s-transferase (GST) were 
assayed during different stages of A^ viteae infection, 
cytochrome P-450 levels were observed to decrease by (187.), (227.) 
and (377.) respectively during prepatent, patent and latent stages 
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of infection, while AHH and GST levels did not increase 
Biqn i f ican t ly. Thus, it may be concluded that during A_^ viteae 
infection, an acute phase response is generated where peak levels 
of acute phase proteins could be detected during patent stage, 
while cytochrome P-450 could be negative acute phase marker. 
In vitro model to monitor acute phase response 
In the present study efforts were made to design a suitable 
model for studying the differentiated functions of hepatocytes in 
vi tro and to use this model to study the effect of conditioned 
medium (from the splenocytes isolated from A_^ vi teae and P_^  
berqhei infected mastomys) on the synthesis of acute phase 
proteins by hepatocytes in_ vi tro. Mastomys hepatocytes were 
isolated by ijT^  situ perfusion technique described by Seglen and 
cultured in synthetic medium and DNSO. Maintenance of 
hepatocytes in primary culture was performed according to Enat, 
et.al. Extra cellular matrices viz., collagen, poly-1-1ysine and 
fibronectin were used as culture substrates to improve the 
attachment and survival of the cultured hepatocytes. 
Hepatocytes, cultured during the present study, retained 
their differentiated characteristics for atleast one week. It 
was observed that after 7 days culture in synthetic medium plus 
DMSO and Se, substantial number of hepatocytes remained viable 
and consumed measurable oxygen. The cells were found to 
synthesize and secrete albumin at a rate comparable to freshly 
isolated hepatocytes. Similarly, use of defined medium helped in 
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maintaining cytochrome P-450 activity for atleast one week. Once 
thesn diffprentiated functions of hepatocytes were maintained, 
the 'Studies were extended to follow the synthesis of acute phase 
proteins ijn^  vi tro under different experimental conditions. 
Culture supernatants from splenocytes (prepared during patent 
stage of A_^  vi teae infection and at > 40'/. P_j_ berqhei erythrocytic 
parasitaemia when added to hepatocyte monolayers, led to 
increased synthesis of alpha-2 macrog1obulin and alpha-1 acid 
glycoprotein and depressed the synthesis of albumin. Thus in 
light of the above findings, it may be concluded that an acute 
phase response is indeed generated during P_^  berqhei and A. 
vi teae infections in mastomys. 
